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FOREWORD 


The  United  States  Air  Force’s  Phillips 
Laboratory  is  proud  to  present  this  second  edition 
of  Europe  and  Asia  in  Space  covering  the  space 
activities  of  European  and  Asian  countries  during 
1993-1994.  The  success  of  Europe  and  Asia  in 
Space  can  be,  in  part,  measured  by  the 
distribution  of  the  1991-1992  book.  To  date  over 
2200  copies  have  been  mailed.  Requests  have 
been  from  around  the  world  and  include  individuals,  corporations, 
educational  institutions,  and  governments.  Feedback  has  been  universally 
positive.  We  hope  you  find  Europe  and  Asia  in  Space  useful  and 
informative.  We  would  like  to  hear  your  comments  on  this  report.  Please 
phone  (505)-846-1761  or  send  comments  to; 

Phillips  Laboratory/XPF 
Attn:  Europe  and  Asia  in  Space  Project 
3550  Aberdeen  Ave  SE 
Kirtland  AFB,  NM  87117-5776 


MICFIAEL  L.  HEIL,  Colonel,  USAF 
Commander 


11 


TABLE  OF  CONTENTS 


Eaga 

FOREWORD .  i 

PRINCIPAL  ACRONYMS . .  vii 

1 .  PRINCIPAL  SPACE  ORGANIZATIONS  AND  INFRASTRUCTURE .  1 

1.1  E  u  ropean  Space  Agency . 1 

1.2  France . 4 

1 .3  Germany .  7 

1.4  India .  8 

1.5  Israel .  10 

1.6  Italy .  10 

1 .7  Japan .  12 

1 .8  People's  Republic  of  China .  14 

1.9  Russian  Federation .  17 

1.10  Ukraine .  20 

1.11  United  Kingdom .  22 

References .  25 

2.  SPACE  TRANSPORTATION  SYSTEMS  AND  LAUNCH  FACILITIES .  31 

2.1  European  Space  Agency .  31 

2.2  Germany .  40 

2.3  India .  41 

2.4  Israei . 44 

2.5  Italy .  45 

2.6  Japan .  46 

2.7  Norway .  49 

2.8  People's  Republic  of  China .  50 

2.9  Russian  Federation .  53 

2.10  Spain .  68 

2.11  Sweden .  68 

2.12  Ukraine .  68 

2.13  United  Kingdom . . .  71 

References .  74 

3.  MANNED  AND  MAN-RELATED  SPACE  PROGRAMS .  99 

3.1  International  Space  Station .  99 

3.2  European  Space  Agency .  100 

3.3  France .  105 

3.4  Germany .  105 

3.5  Kazakhstan .  105 

3.6  Japan .  106 

3.7  Peopie's  Repubiic  of  China .  107 

3.8  Russian  Federation .  107 

3.9  Ukraine .  123 

References .  128 

4.  EARTH  APPLICATIONS  PROGRAMS .  140 

4.1  Communications .  140 

4.1.1  European  Space  Agency . 140 

4.1.2  EUTELSAT .  145 


iii 


TABLE  OF  CONTENTS 
(continued) 


4.1.3  France .  146 

4.1.4  Germany .  149 

4.1.5  Hong  Kong .  150 

4.1.6  Hungary .  151 

4.1.7  India .  151 

4.1.8  Indonesia .  153 

4.1.9  INMARSAT .  154 

4.1.10  INTELSAT .  154 

4.1.11  Iran .  155 

4.1.12  Israel .  155 

4.1.13  Italy .  156 

4.1.14  Japan .  157 

4.1.15  Luxembourg .  160 

4.1.16  Malaysia .  161 

4.1.17  NATO .  161 

4.1.18  Norway .  162 

4.1.19  Pakistan .  162 

4.1 .20  People's  Republic  of  China . 162 

4.1.21  Philippines .  163 

4.1.22  Russian  Federation .  163 

4.1.23  Saudi  Arabia . 179 

4.1.24  Singapore .  180 

4.1.25  South  Korea . 180 

4.1.26  Spain .  181 

4.1.27  Sweden .  181 

4.1.28  Taiwan .  182 

4.1.29  Thailand .  182 

4.1.30  Turkey .  182 

4.1.31  Ukraine .  182 

4.1.32  United  Kingdom . 183 

4.2  Navigation  and  Geodesy .  184 

4.2.1  European  Space  Agency .  184 

4.2.2  France .  184 

4.2.3  INMARSAT . 185 

4.2.4  Germany .  185 

4.2.5  Itlay .  185 

4.2.6  Japan .  186 

4.2.7  People's  Republic  of  China .  186 

4.2.8  Russian  Federation .  186 

4.3  Earth  Observation  and  Remote  Sensing .  192 

4.3.1  European  Space  Agency . 193 

4.3.2  France .  1 96 

4.3.3  Germany .  1 97 

4.3.4  India .  198 

4.3.5  Israei . 200 

4.3.6  Italy .  200 

4.3.7  Japan . 201 

4.3.8  Pakistan .  204 

4.3.9  People's  Republic  of  China . 204 

4.3.10  Portugal .  208 

4.3.11  Russian  Federation .  208 

4.3.12  South  Korea . 225 

4.3.13  Ukraine . 226 


IV 


TABLE  OF  CONTENTS 
(continued) 


4.4  Materials  Science .  229 

4.4.1  European  Space  Agency .  229 

4.4.2  France .  231 

4.4.3  Germany .  231 

4.4.4  Italy .  231 

4.4.5  Japan .  232 

4.4.6  People's  Republic  of  China .  233 

4.4.7  Russian  Federation .  233 

References  .  241 

5.  SPACE  SCIENCE  AND  EXPLORATION  PROGRAMS .  281 

5.1  Life  Sciences .  281 

5.1.1  European  Space  Agency .  281 

5.1 .2  France .  282 

5.1 .3  Germany .  283 

5.1 .4  Japan .  284 

5.1.5  People's  Republic  of  China .  284 

5.1.6  Russian  Federation .  285 

5.1.7  Ukraine . 286 

5.2  Geophysics .  287 

5.2.1  Czech  Republic .  287 

5.2.2  European  Space  Agency .  288 

5.2.3  Germany .  289 

5.2.4  Italy .  289 

5.2.5  Japan .  290 

5.2.6  People's  Republice  of  China . 290 

5.2.7  Russian  Federation .  291 

5.2.8  Sweden .  292 

5.2.9  United  Kingdom .  293 

5.3  Solar  System  Investigations .  293 

5.3.1  European  Space  Agency .  293 

5.3.2  France .  296 

5.3.3  India .  297 

5.3.4  Japan . 297 

5.3.5  People's  Republic  of  China .  299 

5.3.6  Russian  Federation . 299 

5.4  Extra-Solar  System  Observations .  303 

5.4.1  European  Space  Agency .  303 

5.4.2  Germany .  306 

5.4.3  India .  306 

5.4.4  Italy .  307 

5.4.5  Japan . 307 

5.4.6  Russian  Federation .  309 

5.4.7  Spain .  313 

5.4.8  Sweden .  314 

References  .  315 

6.  NATIONAL  SECURITY  PROGRAMS .  331 

6.1  Imaging  Reconnaissance .  332 

6.1.1  France .  332 

6.1.2  Italy .  333 


V 


TABLE  OF  CONTENTS 
(concluded) 


6.1 .3  Japan .  333 

6.1 .4  People's  Republic  of  China .  333 

6.1.5  Russian  Federation .  334 

6.1.6  Spain .  337 

6.1.7  Western  European  Union .  337 

6.2  Electronic  Intelligence .  338 

6.2.1  France .  338 

6.2.2  Russian  Federation .  338 

6.3  Ballistic  Missile  Launch  Detection .  343 

6.3.1  France .  343 

6.3.2  Japan .  343 

6.3.3  Russian  Federation .  343 

6.3.4  Western  European  Union .  346 

6.4  Space  Defence .  346 

6.4.1  Russian  Federation .  346 

6.5  National  Security  Support  Systems .  349 

6.5.1  Russian  Federation .  349 

6.6  Unknown  Mission .  349 

6.6.1  Russian  Federation .  350 

References  .  351 

7.  SPACE-RELATED  LEGAL  DOCUMENTS .  359 

7.1  Russian  Decree  No.  4878-1 ,  27  April  1 993 .  360 

7.2  Russian  Decree  No.  4879-1,  27  April  1993 .  362 

7.3  Russian  Decree  No.  5663-1 , 20  August  1993 .  364 

7.4  Russian  Decree  No.  1282, 1 1  December  1993 .  378 

7.5  Russian-Kazakh  Memorandum  on  the  Baikonur  Cosmodrome,  26  December  1993 .  383 

7.6  Russian  Directive  No.  624-r,  3  May  1994 .  385 

7.7  Russian  Decree  No.  996,  29  August  1 994 .  386 

7.8  Russian  Law  No.  28-F3,  24  October  1 994 .  388 

7.9  Russian  Presidential  Edict,  24  October  1994 .  389 

8.  1 993-1 994  EURASIAN  SPACE  LAUNCHES .  391 

9.  APPENDICES .  407 

A1 .  Frequencies  Used  by  European  and  Chinese  Satellites  in  1993  and  1994  as  Monitored 

by  the  Kettering  Goup .  408 

A2.  Historical  Eurasian  Satellite  Deployment  Failures . 410 

A3.  European  and  Asian  Astronauts/Cosmonauts,  1961-1 994 .  418 

10.  ACKNOWLEDGMENTS  AND  CREDITS .  423 

11.  SPACECRAFT  CLASS  INDEX . 427 


PRINCIPAL  ACRONYMS 


ACES 

Asia  Cellular  Satellite  System 

ACRV 

Assured  Crew  Return  Vehicle 

ADEOS 

Advanced  Earth  Obsen/ation  Satellite 

ALD 

Ariane  Light  Derivative 

ALFLEX 

Automatic  Landing  Flight  Experiment 

ALOS 

Advanced  Land  Observing  Satellite 

AMAS 

Advanced  Millimeter  Wave  Atmospheric  Sounder 

AMOS 

Affordable  Module  Optimized  Satellite 

AMPTE 

Active  Magnetospheric  Particle  Tracer  Explorer 

AOTS 

Advanced  Orbital  Test  Satellite 

APAS 

Androgynous  Peripheral  Docking  Assembly 

APEKS 

Active  Plasma  Experiment 

APPLE 

Ariane  Passenger  Payload  Experiment 

APT 

Asia  Pacific  Telecommunications 

APT 

Automatic  Picture  Transmission 

ARB 

Emergency  Locator  Beacon 

ARD 

Atmospheric  Reentry  Demonstrator 

ARTEMIS 

Advanced  Relay  Technology  Mission 

ARTES 

Advanced  Research  in  Telecommunications  Systems 

ASAP 

Ariane  Structure  for  Auxiliary  Payloads 

ASAT 

Anti-satellite 

ASC 

Afro-Asian  Satellite  Communications 

ASI 

Agenzia  Spaziale  Italiana  (Italian  Space  Agency) 

ASLV 

Augmented  Satellite  Launch  Vehicle 

ATLAS 

Atmospheric  Lab  for  Applications  and  Science 

ATSR 

Along-Track  Scanning  Radiometer 

ATV 

Automated  Transfer  Vehicle 

AUOS-SM 

Automatic  Universal  Orbital  Station 

AUS 

Advanced  Upper  Stage 

BNSC 

British  National  Space  Centre  (British  Space  Agency) 

BS 

Broadcasting  Satellite 

BSB 

British  Satellite  Broadcasting 

BSE 

Broadcasting  Satellite  Experimental 

CAC 

China  Aerospace  Corporation 

CALVT 

China  Academy  of  Launch  Vehicle  Technology 

vii 

CARINA 

CASIMIR 

CAST 

CBERS 

CCD 

CERISE 

CESAR 

CGWIC 

CINC 

CIS 

CIS 

CNES 

CNSA 

COBRAS 

COF 

COSIMA 

COMETS 

COSMO 

COSPAS 

CROCODILE 

CS 

CSE 

CSG 

CST 

CTM 

CTV 

CZ 

DARA 

DASA 

DCP 

DCST 

DEW 

DFH 

DFS 

DGA 

DLR 


Capsula  di  Rientro  Non  Abitata 

Catalyst  Studies  for  Industry  through  Microgravity  Research 
China  Academy  of  Space  Technology 
China-Brazil  Earth  Resources  Satellite 
Charge  Coupied  Device 

Characterisation  de  I'Environment  Radio-electrique  par  un  Instrument  Spatial 
Embarque 

Central  European  Satellite  for  Advanced  Research 
China  Great  Wall  Industry  Corporation 
Commander  in  Chief 
Commonwealth  of  Independent  States 
Collects  Localisation  Satellites 

Centre  National  d'Etudes  Spatiales  (French  Space  Agency) 

China  National  Space  Administration 
Cosmic  Background  Radiation  Satellite 
Columbus  Orbital  Facility 

Crystallization  of  Organic  Substances  in  Microgravity  Application 
Communications  and  Broadcasting  Engineering  Test  Satellite 
Constellation  for  Mediterranean  Observation 
Search  and  Rescue  Satellite 

Croissance  de  Cristaux  Organiques  par  Diffusion  Liquids  dans  I'Espace 

Communications  Satellite 

Evry  Center  for  Space 

Guiana  Center  for  Space 

Toulouse  Center  for  Space 

Cryogenic  Transfer  Module 

Crew  Transport  Vehicle 

Chang  Zheng  (Long  March) 

Deutsche  Agentur  fur  Raumfahrtangelegenheiten  (German  Space  Agency) 

Deutsche  Aerospace 

Data  Collection  Platform 

Data  Collection  System  Transponder 

Directed  Energy  Weapon 

Dongfanghong  (East  is  Red) 

Deutsche  Fernmeldesatellit 
Delegation  Generals  pour  I'Armement 
German  Aerospace  Research  Establishment 

viii 


DORIS 

DRS 

DRTS 

DRTM 

DSAT 

EAC 

ECS 

ECS 

EGS 

ELDO 

ELINT 

ELM 

EMIR 

EMP 

EMS 

ENEA 

ENVISAT 

EORSAT 

EPOS 

ERS 

ESA 

ESOC 

ESRIN 

ESRO 

ESTEC 

ETS 

EUMETSAT 

EURECA 

EUTELSAT 

EVA 

EXOSAT 

EXPRESS 

PEL 

FESTIP 

FGAN 

FGB 


Doppler  Orbitography  and  Radio-positioning  Integrated  Satellite 

Data  Relay  Satellite 

Data  Relay  and  Tracking  Satellite 

Data  Relay  and  Technology  Mission 

Defensive  Satellite 

European  Astronauts  Center 

European  Communications  Satellite 

Experimental  Communications  Satellite 

Experimental  Geodetic  Satellite 

European  Launcher  Development  Organization 

Electronic  Intelligence 

Experiment  Logistics  Module 

European  Microgravity  Research  Program 

Electromagnetic  Pulse 

European  Mobile  Services 

National  Department  of  Energy  and  Environment 

Enivronmental  Satellite 

Electronic  Intelligence  (ELINT)  Ocean  Reconnaissance  Satellite 

Experimental  Manned  Orbital  Airplane 

European  Remote  Sensing  Satellite 

European  Space  Agency 

European  Space  Operations  Center 

European  Space  Research  Institute 

European  Space  Research  Organization 

European  Space  Research  and  Technology  Center 

Engineering  Test  Satellite 

European  Meteorological  Satellite  (Organization) 

European  Retrievable  Carrier 

European  Telecommunications  Satellite  (Organization) 

Extra-Vehiclur  Activity 
European  X-ray  Observatory  Satellite 
Experimental  Re-entry  Space  System 
Free-Electron  Laser 

Future  European  Space  Transportation  Investigations  Program 

Forschungsgesellschaft  fur  Angewardte  Naturwissenschaften  (German  Defense 
Research  Organization 

Functional  Cargo  Block 


IX 


FIRST 

Far  Infrared  and  Submillimeter  Space  Telescope 

FOBS 

Fractional  Orbit  Bombardment  System 

FOV 

Field  of  View 

FSW 

Fanhui  Shi  Weixing  (Return  Test  Satellite) 

GARP 

Global  Atmospheric  Research  Program 

GDP 

Gross  Domestic  Product 

GEO 

Geosynchronous  Earth  Orbit 

GEO-IK 

Geodetic  Satellite  -  Interkosmos 

GEOS 

Geostationary  Satellite 

GFZ 

GeoForschungsZentrum 

GIE 

Groupement  d'Interet  Economique 

GLONASS 

Global  Navigation  Satellite  System 

GMS 

Geostationary  Meteorological  Satellite 

GMT 

Greenwich  Mean  Time 

GOMS 

Geostationary  Operational  Meteorological  Satellite 

GPS 

Global  Positioning  System 

GSLV 

Geosynchronous  Satellite  Launch  Vehicle 

GSOC 

German  Space  Operations  Center 

GTO 

Geosynchronous  Transfer  Orbit 

HEOS 

Highly  Eccentric  Orbit  Satellite 

HIMES 

Highly  Maneuverable  Experiment  Space 

HIPPARCOS 

High  Precision  Parallax  Collecting  Satellite 

HOPE 

H-ll  Orbiting  Plane 

HORUS 

Hypersonic  Orbital  Reusable  Upper  Stage 

HOTOL 

Horizontal  Take-Off  and  Landing 

HRPT 

High  Resolution  Picture  Transmission 

HST 

Hubble  Space  Telescope 

HTP 

Hypersonics  Technology  Program 

HYFLEX 

Hypersonics  Flight  Experiment 

lAI 

Israel  Aircraft  Industries  Ltd 

ICAO 

International  Civil  Aviation  Organization 

ICBM 

Intercontinental  Ballistic  Missile 

IKI 

Institute  of  Space  Research,  Russian  Academy  of  Sciences 

IML 

International  Microgravity  Laboratory 

IMO 

International  Maritime  Organization 

INMARSAT 

International  Maritime  Satellite  (Organization) 

INSAT 

Indian  Satellite 

X 


INTA 

INTEGRAL 

INTELSAT 

IR 

IRAS 

IRE 

IRIS 

IRS 

ISA 

ISAS 

ISEE 

ISO 

ISRO 

ISS 

ISTI 

ISTP 

ITALSAT 

ITAMSAT 

ITU 

lUE 

IZMIRAN 

JCSAT 

JEM 

JERS 

KIK 

KOMSAT 

KORONAS 

LAGEOS 

LAPS 

LEO 

LISS 

LOX 

LUT 

MAKS 

MARECS 

MAU 

MSB 


National  Institute  for  Aerospace  Technology 
International  Gamma-Ray  Astrophysics  Laboratory 
International  Telecommunications  Satellite  (Organization) 

Infra-red 

Infra-Red  Astronomical  Satellite 

Institute  of  Radio  Engineering  and  Electronics 

Italian  Research  Interim  Stage 

Indian  Remote  Sensing  Satellite 

Israeli  Space  Agency 

Institute  of  Space  and  Aeronautical  Science 
International  Sun-Earth  Explorer 
Infrared  Space  Observatory 
Indian  Space  Research  Organization 
International  Space  Station 
International  Space  Technology  Inc. 

International  Solar  Terrrestrial  Physics 
Itaiian  Satellite 
Italian  Amateur  Satellite 
International  Telecommunications  Union 
International  Ultraviolet  Explorer 

Institute  of  Terrrestrial  Magnetism,  Ionosphere,  and  Radio-wave  Propagation 

Japanese  Communications  Satellite 

Japanese  Experiment  Module 

Japanese  Earth  Resources  Satellite 

Space  Command,  Control,  and  Tracking  System 

Korea  Multipurpose  Satellite 

Complex  Orbital  Near-Earth  Observations  of  Activity  of  the  Sun 

Laser  Geodynamics  Satellite 

Liquid  Apogee  Propulsion  System 

Low  Earth  Orbit 

Linear  Imaging  Self-Scanner 

Liquid  Oxygen 

Local  User  Terminal 

Multi-purpose  Aerospace  System 

Maritime  European  Communications  Satellite 

Milliions  of  Accounting  Units 

Messershmitt-Bolkow-Blohm 


XI 


MEASAT 

MEOSS 

MESSR 

MIPAS 

MITI 

MOMS 

MOP 

MORO 

MOS 

MPLM 

MSG 

MSR 

MSU 

MTSAT 

MURST 

N2O4 

NAL 

NASDA 

NASA 

NATO 

NIKA 

NKAU 

NPO 

OICETS 

ONERA 

OREX 

OTS 

PAKSAT 

PAL 

PAP 

PKO 

PM 

PO 

POEM 

POLDER 

PoSAT 

PPEM 


Malaysian  East  Asia  Satellite 

Monocular  Electro-Optical  Stereo  Scanner 

Multi-spectral  Electronic  Self-Scanning  Radiometer 

Michelson  Interferometer  for  Passive  Sounding 

Ministry  of  International  Trade  and  Industry 

Modular  Optoelectronic  Multi-spectral  Stereo  Scanner 

Meteosat  Operational  Program 

Moon  Orbiting  Observatory 

Marine  Observation  Satellite 

Mini  Pressurized  Logistics  Module 

Meteosat  Second  Generation 

Microwave  Scanning  Radiometer 

Multi-Spectral  Unit 

Multi-functional  Transport  Satellite 

Ministry  of  Universities  and  Scientific  and  Technological  Research 

Nitrogen  Tetroxide 

National  Aerospace  Laboratory 

National  Space  Development  Agency  of  Japan 

National  Aeronautics  and  Space  Administration 

North  Atlantic  Treaty  Organization 

Scientific  Research  Spacecraft 

National  Space  Agency  of  Ukraine 

Scientific  Production  Association 

Optical  Inter-Orbit  Communications  Engineering  Test  Satellite 

Office  National  d'Etudes  et  de  Rechereches  Aerospatiales 

Orbiting  Re-entry  Experiment 

Orbital  Test  Satellite 

Pakistan  Satellite 

Propulseur  d'Appoint  Liquide 

Propulseur  d'Appoint  Poudre 

Anti-Space  Defense 

Pressurized  Module 

Production  Association 

Polar-Orbiting  Earth  Observation  Mission 

Polarization  and  Directionality  of  the  Earth's  Reflectance 

Portugal  Satellite 

Plan  Pluriannuel  d'Espace  Militaire 


xii 


PRARE 

PRC 

PRO 

PSDE 

PSLV 

PSN 

PT 

PTT 

PVO 

RAMOS 

REC 

RKA 

RKK 

RORSAT 

ROSAT 

ROSIS 

ROSTO 

RT 

RTG 

SAC 

SAFIR 

SAGE 

SAR 

SARA 

SARIT 

SAPS 

SAX 

SBL 

SCARAB 

see 

SCIAMACHY 

SDRN 

SEDEX 

SEM 

SEP 

SES 

SEU 


Precision  Range  and  Range  Rate  Experiment 
People's  Republic  of  China 
Anti-Missile  Defense 

Payload  and  Spacecraft  Demonstration  and  Experimentation  Program 

Polar  Satellite  Launch  Vehicle 

Pasifik  Satelllt  Nusantara 

Posts  and  Telecommunications 

Platform  Transmitter  Terminal 

Troops  of  Air  Defense 

Russian-American  Observation  Satellite 

Radio  Electronic  Combat 

Russian  Space  Agency 

Rocket  Space  Corporation 

Radar  Ocean  Reconnaissance  Satellite 

Roentgensatellit  (X-ray  satellite) 

Reflective  Optics  Imaging  Spectrometer 
Russian  Defense,  Sport,  and  Technical  Organization 
Radio  Telescope 

Radioisotope  Thermoelectric  Generator 

Space  Activities  Commission 

Satellite  for  Information  Relay 

Stratospheric  and  Aersols  and  Gas  Experiment 

Synthetic  Aperture  Radar 

Satellite  for  Amateur  Radio  Astronomy 

Satellite  di  Radiodiffusione  Italiane 

Solar  Activity  Patrol  System 

Satellite  Astronomia  raggi-X 

Space-Based  Laser 

Scanner  for  Radiation  Budget 

Space  Communications  Corporation 

Scanning  Imaging  Absorption  Spectrometer  for  Atmospheric  Chartography 

Satellite  Data  Relay  Network 

Synthese  Enzymatique  de  Dextrane 

Space  Environment  Monitor 

Societe  Europeenne  de  Propulsion 

Societe  Europeenne  des  Satellites 

Single  Event  Upset 

xiii 


r 


SFU 

Space  Flyer  Unit 

SHF 

Super  High  Frequency 

SHAR 

Sriharikota  High  Altitude  Range 

SICRAL 

Sistema  Italiana  de  Communicazione  Riservente  Allarmi 

SLBM 

Submarine-Launched  Ballistic  Missile 

SLV 

Satellite  Launch  Vehicle 

SOHO 

Solar  and  Heliospheric  Observatory 

SPAS 

Shuttle  Pallet  Satellite 

SPAS 

Solar  Patrol  and  Alert  Satellite 

SPELDA 

Structure  Porteuse  pour  Lancements  Double  Ariane 

SPELTRA 

Structure  Porteuse  Externe  de  Lancements  Triples  Ariane 

SPM 

Space  Processing  Module 

SPOT 

Satellite  Pour  I'Observation  de  la  Terre 

SPRN 

Missile  Attack  Warning  System 

SROSS 

Stretched  Rohini  Satellite  Series 

SSC 

Swedish  Space  Corporation 

SSME 

Space  Shuttle  Main  Engine 

SSS 

Space  Surveillance  System 

SSTL 

Surrey  Satellite  Technology  Ltd 

SSTO 

Single  Stage  To  Orbit 

STARS 

Seismic  Telescope  for  Astrophysical  Research  from  Space 

START 

Strategic  Arms  Reduction  Treaty 

STEP 

Satellite  Test  of  the  Equivalence  Principle 

STIVC 

Secondary  Injection  Thrust  Vector  Control  System 

STRV 

Space  Technology  Research  Vehicle 

STS 

Space  Transportation  System 

STSP 

Solar/Terrestrial  Science  Program 

SUPARCO 

Space  and  Upper  Atmosphere  Research  Commission 

SWIR 

Short  Wavelength  Infra-red  Radiometer 

SYLDA 

Systeme  de  Lancement  Double  Ariane 

SYRACUSE 

Systeme  de  Radio  Communications  Utilisant  un  Satellite 

TDF 

Telediffusion  de  France 

TEMISAT 

Telespazio  Micro  Satellite 

TMP 

Engineering  Production  Module 

TOMS 

Total  Ozone  Mapping  Spectrometer 

TRMM 

Tropical  Rainfall  Measuring  Mission 

TsDKC 

Long-Range  Space  Communications  Center 

XIV 


TsNPO  Central  Scientific  Production  Association 

TSS  Tethered  Sateilite  System 

TsUP  Fiight  Control  Center 

TT&C  Tracking,  Telemetry,  and  Control 

TUBSAT  Technical  University  of  Berlin  Sateiiite 

UARS  Upper  Atmosphere  Research  Sateiiite 

UDMH  Unsymmetrical  Dimethylhydrazine 

UHF  Uitra  High  Frequency 

UK  United  Kingdom 

UoSAT  University  of  Surrey  Sateiiite 

US  United  States 

USEF  Institute  for  Free  Flyer  Unmanned  Space  Experiments 

USP  Unified  Space  Piatform 

USSR  Union  of  Soviet  Sociaiist  Republics 

UV  Uitra-violet 

VHF  Very  High  Frequency 

VHRR  Very  High  Resolution  Radiometer 

VHRSR  Very  High  Resoiution  Scanning  Radiometer 

VISSR  Visible  and  Infra-red  Spin  Scan  Radiometer 

VKS  Miiitary  Space  Forces 

VNIIEM  Ail-Russian  Electromechanical  Scientific  Research  Institute 

VNIR  Visibie  and  Near-Infra-red  Radiometer 

VSOP  VLBI  (Very  Long  Baseline  Interferometry)  Space  Observatory  Program 

VTIR  Visible  and  Thermal  Infra-red  Radiometer 

WEU  Western  European  Union 

XMM  X-Ray  Muiti-Mirror  Sateiiite 

X-SAR  X-Band  Synthetic  Aperture  Radar 


XV 


1.0  PRINCIPAL  SPACE  ORGANIZATIONS  AND  INFRASTRUCTURE 


The  high  technology  requirements 
associated  with  space  activity,  including 
satellite  and  launch  vehicle  design, 
manufacture,  and  operations,  dictate  a 
comprehensive  and  well  defined  organization 
involving  both  government  and  industry  whether 
the  program  is  of  a  national  or  commercial 
nature.  This  section  highlights  the  major 
agencies  and  support  functions  which  are 
necessary  for  the  realization  of  the  spacecraft 
and  the  space  transportation  systems  described 
herein.  Only  the  principal  sponsors  of  space 
endeavors  in  Europe  and  Asia  which  have 
broad  interest  and  influence  in  space  activities 
have  been  selected  (Table  1.1).  Figure  1.1 
indicates  the  relative  activities  of  Europe  and 
Asia  in  space  versus  the  United  States. 

1 .1  EUROPEAN  SPACE  AGENCY 

Since  its  official  establishment  in  1975,  the 
European  Space  Agency  (ESA)  not  only  has 
become  the  most  prominent  force  in  the 
commercial  space  launch  services  market  but 


also  has  invested  substantial  resources  in 
developing  and  operating  scientific  and 
applications  (Earth  observation,  communica¬ 
tions,  meteorology,  and  materials  processing) 
space  systems.  Although  ESA’s  ambitious 
plans  to  perform  independent  manned  space 
operations  have  faltered  during  the  1990’s,  a 
long-term  commitment  remains.  For  a  decade 
ESA  has  been  the  third  most  active  space- 
faring  organization  in  the  world  behind  the 
USSR/CIS  and  the  US. 

From  an  initial  membership  of  11  nations, 
by  1994  ESA  included  13  full  members  (Austria, 
Belgium,  Denmark,  France,  Germany,  Iceland, 
Italy,  The  Netherlands,  Norway,  Spain,  Sweden, 
Switzerland,  and  the  United  Kingdom),  one 
associate  member  (Finland),  and  one 
cooperating  state  (Canada).  Finland  was  to 
become  a  full  member  in  January,  1995. 
Portugal  and  Greece  may  apply  for  membership 
in  ESA  during  the  next  several  years.  The 
purpose  of  ESA  is  to  “provide  for  and  to 
promote,  for  exclusively  peaceful  purposes. 


TABLE  1.1  PRINCIPAL  EURASIAN  SPACE  INFRASTRUCTURES. 


NATIONAL  CIVILIAN  AGENCY 

ESTABLISHED 

HEAD  (31  DEC  1994) 

LAUNCH  SfTES 

LAUNCH  VEHICLES 

PROGRAM  PRIORRIES 

EUROPEAN  SPACE  AGENCY  (ESA) 

1975 

JEAN-MARIE  LUTON 

ARIANE  4 

SPACE  TRANSPORTATION,  EARTH 
OBSERVATION,  COMMUNICATIONS 
SCIENCE,  MANNED  SPACE  FUGHT, 
MICROGRAVTTY 

CENTRE  NATIONAL  D’ETUDES 
SPATIALES  (ONES) 

1962 

RENE  PALLET 

KOUROU 

SPACE  TRANSPORTATION,  EARTH 
OBSERVATION,  COMMUNICATIONS, 
MANNED  SPACE  FUGHT 

DELTTSCHE  AGENTUR  FUR 

RAUMFAHRTANGELEGENHETTEN 

(DARA) 

1989 

JAN-BALDEM  MENNICKEN 

EARTH  OBSERVATION,  COMMUNICATIONS. 
SCIENCE.  MICROGRAVTTY 

INDIAN  SPACE  RESEARCH 
ORGANIZATION  (ISRO) 

1969 

KRISHNASWAMY  KASTURIRANGAN 

SRIHARIKOTA 

ASLV,  PSLV 

SPACE  TRANSPORTATION.  EARTH 
OBSERVATION,  COMMUNICATIONS, 

SCIENCE 

ISRAEU  SPACE  AGENCY  (ISA) 

1983 

YUVALNE'EMAN 

PALMACHIM 

SHAVIT 

SPACE  TRANSPORTATION.  SPACE 
TECHNOLOGY 

AGENZIA  SPAZIALE  ITALIANA  (ASI) 

1988 

GIORGIO  ROCCO 

SAN  MARCO 

.... 

SPACE  TRANSPORTATION.  SCIENCE, 
GEODESY,  MANNED  MODULES 

NATIONAL  SPACE  DEVELOPMENT 
AGENCY  OF  JAPAN  (NASDA) 

1969 

MASATO  YAMANO 

KAGOSHIMA 

TANEGASHIMA 

M-3SII 

H-ll 

SPACE  TRANSPORTATION,  EARTH 
OBSERVATION,  COMMUNICATIONS, 

SQENCE 

CHINA  NATIONAL  SPACE 
ADMINISTRATION  (CNSA) 

1993 

LIUJIYUAN 

JIUQUAN 

TAIYUAN 

XICHANG 

CZ-2C.  CZ-2D 

CZ-4 

CZ-2E.  CZ-3,  CZ-3A 

SPACE  TRANSPORTATION,  EARTH 
OBSERVATION,  COMMUNICATIONS, 
MICROGRAVTTY 

RUSSIAN  SPACE  AGENCY  (RKA) 

1992 

YURI  KOPTEV 

BAIKONUR 

PLESETSK 

MOLNIYA  PROTON.  ROKOT, 
SOYUZ 

KOSMOS,  MOLNIYA,  SOYUZ, 
START  1 

SPACE  TRANSPORTATION,  EARTH 
OBSERVATION,  COMMUNICATIONS, 

MANNED  SPACE  FUGHT,  SCIENCE, 
NAVIGATION,  GEODESY,  MICROGRAVITY 

NATIONAL  SPACE  AGENCY  OF 
UKRAINE  (NKAU) 

1992 

ANDREI  ZHALKO-TYTARENKO 

**** 

TSYKLON,  ZENIT 

SPACE  TRANSPORTATION.  EARTH 
OBSERVATION 

BRITISH  NATIONAL  SPACE 

CENTRE  (BNSC) 

1985 

DEREK  DAVIS 

.... 

.... 

EARTH  OBSERVATION.  COMMUNICATIONS 
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FIGURE  1.1  WORLD-WIDE  SPACE  LAUNCH  ACTIVITY. 


cooperation  among  European  States  in  space 
research  and  technology  and  their  space 
applications,  with  a  view  to  their  being  used  for 
operational  space  applications  systems” 
(Reference  1).  Although  cooperation  with  other 
national  and  international  space  organizations 
has  been  encouraged,  one  of  the  tenets  of  ESA 
policy  has  been  to  maximize  European 
independence  in  virtually  all  matters  of  space 
exploration  and  exploitation. 

The  ESA  organizational  structure  includes  a 
Council  for  policy  decisions  and  approval  of 
long-range  plans  and  a  much  larger  operations 
arm  for  handling  the  day-to-day  affairs  of  the 
agency.  The  Council,  led  since  July,  1993,  by 
Chairman  Pieter  Gaele  Winters  of  the 
Netherlands,  is  divided  into  Program  Boards 
and  Committees  staffed  by  national  delega¬ 
tions.  Whereas  the  Council  normally  meets 
once  each  quarter,  full  ministerial-level 
meetings  are  held  about  every  other  year  or  as 
dictated  by  events.  As  a  result  of  significant 
world  political  changes  and  economic  factors, 
ministerial-level  meetings  were  held  in  1991 
(Munich)  and  1992  (Granada)  with  the  next 
meeting  scheduled  for  1 995. 

ESA  operations  are  managed  by  the 
Director  General,  Jean-Marie  Luton  of  France 
(since  October,  1990),  and  his  principal  staff 
which  includes  five  major  technical  directorates: 
Science,  Telecommunications,  Observation  of 
the  Earth  and  Its  Environment,  Manned 
Spaceflight  and  Microgravity,  and  Launchers 


(Figure  1.2).  With  headquarters  in  Paris  and 
liaison  offices  in  Washington,  DC;  Kourou, 
French  Guiana;  and  Toulouse,  France,  ESA 
runs  four  major  facilities  with  a  combined  staff 
of  about  2,000  permanent  employees 
(Figure  1.3). 

The  European  Space  Operations  Center 
(ESOC)  established  in  September,  1967,  is  the 
primary  satellite  control  facility  for  ESA 
spacecraft.  Located  in  Darmstadt,  Germany, 
and  headed  by  Director  Felix  Garcia-Costaner, 
ESOC  operates  detachments  in  French  Guiana, 
Belgium,  Germany,  and  Spain  and  receives 
additional  assistance  from  national  ground 
stations  in  the  Canary  Islands,  Sweden,  Italy, 
Kenya,  Australia,  and  Japan.  Daily  control  of 
spacecraft  such  as  Meteosat,  lUE,  ECS,  and 
MARECS  is  handled  by  ESOC  as  well  as 
support  for  international  spacelab  missions  on 
the  US  Space  Shuttle.  Upgrades  at  several 
ground  stations  were  underway  in  1994  to 
support  major  missions  like  Ulysses,  ERS, 
Cluster,  and  ISO  (References  2-3). 

The  European  Space  Research  and 
Technology  Center  (ESTEC)  in  Noordwijk, 
Netherlands,  houses  more  than  half  of  all  ESA 
personnel  in  its  role  as  the  satellite 
environmental  testing  facility.  Under  the  direc¬ 
tion  of  Marius  Le  Fevre,  ESTEC  is  organized 
into  five  principal  departments:  Systems 
Engineering  and  Programmatics,  Mechanical 
Systems,  Electrical  Systems,  Automation  and 
Informatics,  and  Product  Assurance  and  Safety. 


2 


FIGURE  1.2  ESA  DIRECTORATE  ORGANIZATIONAL  STRUCTURE. 


—  Primary  Location:  Darmstadt,  Germany  —  Location:  Cologne,  Germany 

—  Detachments:  Kourou,  French  Guiana;  Villafranca,  —  Staff:  -  18 

Spain;  Redu,  Belgium;  Odenwald,  Germany 
—  Contributing  National  Ground  Stations: 

Maspalomas,  Canarias  Is,  Spain;  Kiruna,  Sweden; 

Fucino,  Italy;  Malindi,  Kenya;  Carnavon,  Australia; 

Ibaraki,  Japan 
—  Staff:  -  300 

FIGURE  1.3  MAJOR  ESA  CENTERS  AND  FACILITIES. 
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Operational  since  1968,  ESTEC  services 
nationai  and  commercial  spacecraft  as  well  as 
ESA  satellites  (References  4-7). 

The  oidest  of  ESA's  main  centers  is  the 
European  Space  Research  institute  (ESRiN), 
established  in  Frascati,  Italy,  in  1 966  by  ESA's 
predecessor,  the  European  Space  Research 
Organization.  ESRIN,  with  a  staff  of  140  ied  by 
Francis  Roscian,  manages  the  ESA  Information 
Retrievai  Service  (ESA-IRS),  Earthnet,  and  the 
Information  Systems  Division.  At  ESRIN's  Earth 
Observation  Data  Handiing  Center,  remote 
sensing  data  from  the  European  Remote 
Sensing  Satellite  (ERS)  as  weli  as  US  and 
Japanese  Earth  observation  sateiiites  are  re¬ 
ceived,  processed,  archived,  and  disseminated 
(References  8-11). 

The  European  Astronauts  Center  (EAC)  in 
Coiogne,  Germany,  is  the  newest  and  smallest 
of  the  four  ESA  centers.  Approved  at  the  ESA 
Ministerial  meeting  of  1987,  EAC  began  limited 
operations  in  1 990  in  anticipation  of  major  ESA 
manned  space  flight  requirements  in  support  of 
the  Hermes  spaceplane  and  International 
Space  Station  programs.  With  the  cancellation 
of  the  former  and  substantial  delays  associated 
with  the  latter,  EAC's  growth  has  been  stymied, 
and  by  1994  the  permanent  staff,  headed  by 
Franco  Rositto,  was  only  about  20%  of  the 
anticipated  100  personnel.  However,  EAC  was 
assisting  in  the  preparation  of  the  ESA-Russian 
Euromir  94  and  Euromir  95  missions  to  the  Mir 
space  station  and  Spacelab  flights 
(References  12-13). 

Although  ESA  developed  the  Ariane  family 
of  launch  vehicles,  the  organization  does  not 
own  a  space  launch  facility.  Instead,  Ariane 
launches  are  conducted  from  the  French 
Guiana  Space  Center  under  special 


arrangement  with  ESA.  ESA  also  does  not 
maintain  its  own  aerospace  industry,  choosing 
to  contract  with  the  specialized  companies  of  its 
member  states  to  procure  most  spacecraft  and 
launch  vehicle  components.  To  finance  its  many 
endeavors  and  infrastructure,  ESA  members 
contribute  to  mandatory  programs  based  upon 
Gross  Domestic  Product  (GDP)  and  to 
voluntary  programs.  In  both  cases,  however, 
ESA  attempts  to  redistribute  its  funds  in 
proportion  to  the  contributions  of  its  members. 

Table  1.2  delineates  the  ESA  payment 
appropriations  for  1993  and  1994.  Taking  into 
account  inflationary  factors,  both  years 
represent  a  real  decline  from  the  1992 
appropriation  budget  of  2967.4  MAU.  However, 
some  programs,  e.g.,  “Earth  Observation  and 
its  Environment,”  enjoyed  significant  budget 
increases,  largely  possible  by  the  declining 
development  costs  of  the  Ariane  5  launch 
vehicle.  The  ESA  budgeting  process  continues 
to  be  plagued  by  fluctuating  currency  exchange 
rates  (References  14-15). 

1.2  FRANCE 

For  more  than  three  decades,  France  has 
led  continental  Europe's  push  into  space  and 
was  instrumental  in  the  creation  of  ESA  and  its 
predecessor  ESRO.  France's  first  satellite, 
Asterix,  was  launched  by  a  domestic  booster 
from  a  French  military  base  in  Algeria.  France 
has  been  a  strong  promoter  of  European  space 
independence  but  has  not  hesitated  to  take 
advantage  of  opportunities  to  cooperate  with 
the  larger  US  and  Soviet/Russian  space 
programs.  France  continues  to  pursue  a  broad 
selection  of  national,  bilateral,  and  ESA- 
sponsored  programs  and  is  taking  the  lead  in 
Europe  in  developing  military  space  systems. 


TABLE  1.2  ESA  PAYMENT  APPROPRIATION,  1993-1994. 


PROGRAM 

1993 

1994 

SPACE  TRANSPORTATION 

MANNED  SPACE  FLIGHT 

EARTH  OBSERVATION 
TELECOMMUNICATIONS 

SQENCE 

MICROGRAVrrY 

OTHER  (General  Budget,  etc.) 

1262.4  MAU  (41.9%) 

372.9  MAU  (12.4%) 

324.6  MAU  (10.8%) 

303.5  MAU  (10.1%) 

299.0  MAU  (  9.9%) 

68.2  MAU  (  2.3%) 

383.1  MAU  (12.7%) 

902.4  MAU  (32.2%) 

353.9  MAU  (12.6%) 

467.1  MAU  (16.7%) 

277.4  MAU  (  9.9%) 

334.7  MAU  (11.9%) 

69.9  MAU  (  2.5%) 

398.2  MAU  (14.2%) 

MAU  =  MILLION  ACCOUNTING  UNITS;  1  AU  =  1  EUROPEAN  CURRENCY  UNIT  (ECU) 
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FIGURE  1.4  FRENCH  NATIONAL  SPACE  ORGANIZATIONAL  STRUCTURE. 


The  French  civilian  space  program  is 
managed  by  the  Centre  Nationai  d’Etudes 
Spatiaies  (CNES),  which  was  estabiished  in 
1962.  The  principai  objectives  of  CNES  are 
four-fold:  “(1)  orienting  the  French  space  pro¬ 
gram  by  preparing  Government  decisions,  (2) 
designing,  managing,  and  conducting  the  actuai 
programs  in  an  industriai  context,  (3)  furthering 
the  know-how  of  France’s  space  industry,  and 
(4)  consoiidating  research  programs  with  the 
scientific  community”  (Reference  16). 

After  a  change  in  government  in  March, 
1993,  the  following  month  CNES  was  piaced 
under  joint  supervision  by  the  Ministry  of  Higher 
Education  and  Research,  the  Ministry  of 
Defense,  and  the  Ministry  of  Industry,  Posts, 
Telecommunications,  and  Foreign  Trade. 
Gerard  Longuet,  the  head  of  the  last  mentioned 
ministry,  assumed  the  portfoiio  of  Space 
Minister,  oniy  to  be  repiaced  by  Jose  Rossi  in 
October,  1994.  An  indirect  path  from  the 
Ministry  of  Transport  via  Meteo  France  aiso 
ieads  to  CNES  for  coordination  of 
meteorologicai  activities  (Figure  1.4). 


With  a  contingent  of  neariy  2,500 
personnei,  the  CNES  staff  outnumbers  its  ESA 
counterpart.  Led  by  President  Rene  Paiiet  since 
November,  1992,  CNES  is  managed  by  Director 
Generai  Jean-Daniei  Levi.  Paiiet's  term  expired 
in  October,  1994,  but  he  remained  in  office  at 
the  end  of  the  year  as  a  successor  was  stiii 
being  sought.  Previous  CNES  Director 
Generals  have  moved  on  to  assume  top 
positions  within  the  French  government,  in- 
ciuding  the  Minister  for  Research  and  Space 
and  Chief  of  the  Deiegation  Generai  pour 
i’Armement  of  the  Ministry  of  Defense,  as  weli 
as  the  head  of  ESA,  e.g.,  Jean-Marie  Luton. 
Reporting  to  the  Director  General  are  seven 
principal  directorates:  (1)  Programs, 
(2)  Internationai  Reiations,  (3)  Long  Term 
Anaiysis  and  Assessment,  (4)  Astronauts, 
(5)  Industry  and  Technical  Policy,  (6)  Quality 
Assurance,  and  (7)  Communications. 

Analogous  to  ESA,  CNES  operates  four 
major  centers  (Figure  1.5).  The  largest  by  far  is 
the  Toulouse  Space  Center,  home  to 
approximately  1,650  personnel.  Operations 
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ONES  HEADQUARTERS 


-  Location:  Paris,  France 
-Staff: -250 


TOULOUSE  CENTER 
FOR  SPACE 
(CST) 


-  Location:  Toulouse,  France 
-Staff:  -  1650 

-Operations  Centers:  SARSAT/COSPAS, 
SPOT,  TDF,  Telecom 
-TT&C  Network  Control  Center 
« « Issus  Assaquel,  France 
-  -  Kourou,  French  Guiana 
‘  •  Hartebeesthoek,  South  Africa 


CENTER  FOR  BALLOON 
LAUNCHINGS 
(CLB) 


-Location:  Air-sur-r Adour 
and  Gap-Tallard,  France 
-  Staff:  Managed  by  CST 


EVRY  CENTER 

-  -  Kerguelen  Island  (France) 

1 

GUIANA  CENTER 

FOR  SPACE 

FOR  SPACE 

(CSE) 

(CSG) 

-  Location:  Evry,  Fance 
-Staff: -250 


-  Location:  Kourou.  French  Guiana 

-  Staff:  -  300 


FIGURE  1.5  MAJOR  ONES  CENTERS  AND  FACILITIES. 


centers  for  SPOT,  TDF,  and  Telecom  are 
located  at  Toulouse,  which  also  directs  tracking, 
telemetry,  and  communications  control  centers 
at  Issus  Aussaquel,  France;  Kourou,  French 
Guiana;  Hartebeesthoek,  South  Africa,  and 
Kerguelen  Island.  The  Guiana  Center  for  Space 
at  Kourou,  French  Guiana,  provides  full  launch 
support  services  for  all  ESA  Ariane  space 
launches,  while  the  Evry  Center  for  Space  is  the 
headquarters  for  Arianespace,  the  CNES 
subsidiary  responsible  for  managing  much  of 
the  Ariane  program.  A  fourth  CNES  center  is  in 
charge  of  atmospheric  balloon  launchings. 

In  its  role  as  promoter  of  the  French 
aerospace  industry,  CNES  has  established  a 
number  of  subsidiaries  and  special 
organizations  called  GIEs  (Groupements 
d’Interet  Economiques).  The  best  known 
subsidiaries  include  Arianespace,  SPOT  Image, 
Intespace,  and  Novespace.  The  principal 
aerospace  industries  in  France  include 
Aerospatiale  (spacecraft,  subsystems,  and 
materials),  Alcatel  Espace  (communications, 
subsystems,  and  TT&C),  Arianespace  (launch 
vehicles),  Dassault  Aviation  (manned 
aerospace  vehicles),  Intespace  (environmental 


testing),  Matra  Marconi  Space  (spacecraft, 
subsystems,  and  ground  stations),  SEP  (launch 
vehicle  and  spacecraft  propulsion),  and 
Thomson-CSF  (communications,  space 
technology,  and  ground  support).  In  1994  Matra 
Marconi  Space  acquired  British  Aerospace 
Space  Systems  to  form  the  largest  European 
space  industry.  In  late  1994  Aerospatiale  and 
Germany's  DASA  were  negotiating  a  potential 
merger  of  their  space  divisions. 

The  CNES  budget  authority  continued  to 
grow  in  1993  and  1994,  but  the  increases  were 
essentially  neutralized  by  inflation.  The  final 
budget  for  1994  was  11.997  billion  French 
Francs  or  11.662  billion  French  Francs  after 
government  taxes.  This  latter  amount  was 
distributed  among  five  sectors:  space 
transportation  (40.3%),  space  applications 
(24.1%),  science  (14.4%),  future  programs 
(4.5%),  and  general  support  (16.8%).  Just  over 
40%  of  the  CNES  budget  is  earmarked  for 
France's  contribution  to  ESA.  Meanwhile,  the 
French  military  space  budget  grew  from  3.5 
billion  French  Francs  in  1992  to  4.1  billion 
French  Francs  in  1994  (References  17-18). 
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1.3  GERMANY 

Under  a  major  governmental  restructuring 
in  1989-1990,  a  new  German  space  agency, 
DARA  (Deutsche  Agentur  fur  Raumfahrtan- 
geiegenheiten)  GmbH,  was  created  and  seven 
national  space  goals  were  established: 

“•  increase  scientific  knowledge  of  the 
universe,  our  soiar  system,  the  Earth  and 
the  conditions  for  iife  on  our  planet  and  to 
enlarge  the  possibilities  for  research; 

•  contribute  to  solving  environmental 
problems  by  means  of  Earth  observation 
satellites  and  promote  further  worid  ciimate 
research; 

•  improve  pubiic  and  commerciai  infra¬ 
structure  and  services  by  means  of 
spacebound  telecommunications,  position¬ 
ing  and  navigation; 

•  stimulate  technological  progress  and 
thereby  contribute  to  improving  the 
competitiveness  of  the  German  economy; 

•  make  access  to  space  and  its  utilization 
safer  and  more  economic; 

•  promote  international  cooperation 
especially  in  the  field  of  science  and 
technoiogy  and  improve  the  possibiiities  of 
extending  aid  to  deveioping  countries; 


•  realize  the  verification  and  controi  of 
treaties  covering  disarmament,  crisis 
management  and  Earth  observation  for 
environmental  purposes  alongside  our 
European  partners.” 

DARA,  which  assumed  and  consolidated 
the  activities  of  the  former  West  and  East 
German  space  agencies,  is  headed  by  a 
Director  General  and  is  staffed  by  a  group  of 
only  about  285  personnel.  The  founding 
Director  General  of  DARA,  Prof.  Dr.  Wolfgang 
Wild,  retired  in  the  Fall  of  1993  and  was 
replaced  on  1  October  by  Dr.  Jan-Baldem 
Mennicken,  former  Chairman  of  DARA's 
Supervisory  Board  and  member  of  the  Ministry 
for  Research  and  Technoiogy.  National  long- 
range  planning  and  oversight  of  DARA  is 
achieved  by  the  Cabinet  Committee  and  the 
State  Secretary's  Committee  formed  by 
representatives  of  seven  ministries  and  the 
Federal  Chancellery  (Figure  1.6).  With  its 
limited  resources,  DARA  is  iargeiy  restricted  to 
poiicy  and  top  level  management  tasks 
(Reference  19).  During  1993-1994  DARA 
underwent  an  internal  reorganization  emerging 
with  four  major  technicai  directorates:  (1)  Space 
Science  and  Infrastructure  System,  (2)  Earth 


-  Primary  Location:  Cologne  -  Location:  Bonn 

-  Operations  Center:  “  Staff:  *•  285 

Oberfaffenhofen 

-  Staff:  -  4700 

FIGURE  1.6  GERMAN  NATIONAL  SPACE  ORGANIZATIONAL  STRUCTURE. 
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Observation  and  Telecommunications, 

(3)  Industrial  Affairs  and  Engineering,  and 

(4)  Budget  and  Strategic  Pianning. 

While  DARA  is  instrumental  in  estabiishing 
space  poiicy  and  goais  and  is  the  interface  with 
ESA,  the  German  Aerospace  Research 
Establishment  (DLR,  Deutsche  Forshungsan- 
stait  fur  Luft  and  Raumfahrt)  conducts  the 
technical  and  scientific  research  and  performs 
the  operationai  support  required  to  impiement 
that  poiicy.  DLR  was  formed  in  1969  with  the 
merger  of  nationai  aerospace  research  and  test 
organizations  as  DFVLR  but  was  reorganized 
and  renamed  in  1989  at  the  time  DARA  was 
created.  One  of  the  consequences  of  this 
reorganization  was  the  transfer  of  major 
program  management  functions  from  DLR  to 
DARA. 

With  approximately  4,700  personnel  led  by 
Chairman  Waiter  Kroell,  DLR  is  invoived  in  a 
broad  spectrum  of  basic  and  applications 
research  in  addition  to  operations,  and  as  the 
name  implies  the  organization's  charter 
inciudes  activities  which  are  not  space-reiated. 
In  fact,  these  non-space  endeavors  account  for 
approximately  one  half  of  the  annual  DLR  bud¬ 
get.  Headquartered  in  Coiogne,  DLR  is  divided 
into  six  major  directorates:  (1)  Fiight  Mechanics 
and  Guidance  and  Control,  (2)  Fluid  Mechanics, 
(3)  Materiais  and  Structures,  (4)  Energetics, 

(5)  Telecommunications  Technoiogy  and 
Remote  Sensing,  and  (6)  Scientific-Technicai 
Facilities  (Reference  20). 

DLR  operates  major  research  centers  in 
Braunschweig,  Coiogne-Porz,  Gottingen, 
Oberpfaffenhofen,  and  Stuttgart. 
Oberpfaffenhofen  is  the  home  of  the  German 
Space  Operations  Center  which  has  supported 
numerous  national,  ESA,  and  bi-lateral  space 
missions  for  more  than  20  years.  Nearby  are 
DLR’s  Manned  Space  Laboratories  Controi 
Center,  User  Data  Center,  and  Automation  in 
Orbit  Center.  The  Crew  Training  Complex  and 
the  Microgravity  User  Support  Center  are 
located  in  Cologne-Porz.  Germany  is  also  the 
site  of  two  of  ESA's  four  major  space  centers: 
the  European  Space  Operations  Center  in 
Darmstadt  and  the  new  European  Astronauts 
Center  in  Cologne. 

Although  Germany  lacks  a  domestic  space 
transportation  system  or  launch  facility,  the 
nation  is  the  only  non-Russian  European 
country  to  possess  a  credible,  albeit  lymited, 
space  surveiiiance  capabiiity.  The  German 


Defense  Research  Organization  (FGAN, 
Forschungsgeselischaft  fur  Angewandte 
Naturwissenschaften)  operates  the  High  Power 
Radar  System  consisting  of  a  34-m  diameter 
dish  antenna,  an  L-band  tracking  radar,  and  a 
Ku-band  imaging  radar.  Located  at  Wachtbeg- 
Werthoven  outside  Bonn  and  housed  within  a 
49-m  diameter  radome,  this  system  can  perform 
seiected  observations  on  objects  in  Earth  orbit 
(Reference  21). 

The  nature  of  the  German  aerospace 
industry  changed  significantly  at  the  beginning 
of  the  decade  when  the  formation  of  Deutsche 
Aerospace  (DASA)  brought  together  some  of 
the  most  infiuentiai  space  manufacturing  firms. 
DASA's  four  subsidiaries  are  now  Dornier 
(unmanned  and  manned  space  systems), 
Messershmitt-Bolkow-Biohm  (MBB;  spacecraft, 
subsystems,  and  ground  support  equipment), 
Motoren-  und  Turbinen-Union  (MTU; 
propuision),  and  Teiefunken  Systemtechnik 
(subsystems,  materiais).  As  noted  in  the 
previous  section,  the  Space  Systems  Group  of 
DASA  may  merge  with  Aerospatiaie  in  the  near 
future.  Other  important  aerospace  companies 
inciude  ANT  Nachrichtentechnik  GmbH 
(communications  spacecraft,  subsystems), 
MAN  Technologie  (space  vehicie  engineering), 
and  Siemens  (communications,  subsystems). 
The  firm  Kayser-Threde  GmbH  specializes  in 
microgravity  research  and  is  a  major  faciiitator 
in  the  European  exploitation  of  Russian  space 
technology. 

The  German  national  budget  for  space 
activities  grew  siightiy  in  1993  to  1.8  biiiion 
Deutsche  Marks  but  fell  back  to  1.6  billion 
Deutsche  Marks  in  1994.  Moreover,  siightiy 
more  than  two-thirds  of  the  1 994  appropriation 
was  designated  as  Germany's  contribution  to 
ESA.  Space  Science  commands  the  highest 
priority  of  the  basic  technical  disciplines. 
Surprisingiy,  Germany's  miiitary  space  budget, 
which  to  date  has  been  exceedingly  minor,  may 
soon  rivai  the  civiiian  budget  with  a  projected  10 
billion  Deutsche  marks  spent  over  the  1995- 
2004  period  (References  19,  22-24). 

1.4  INDIA 

Despite  its  iimited  resources,  India  has  and 
is  continuing  to  develop  a  broad-based  space 
program  with  indigenous  launch  vehicles, 
satellites,  controi  faciiities,  and  data  processing. 
Since  its  first  sateliite  was  orbited  by  the  USSR 
in  1975  and  its  first  domestic  space  iaunch  was 
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conducted  in  1980,  India  has  become  a  true 
space-faring  nation  and  an  example  to  other 
Eurasian  countries  wishing  to  move  into  the 
space  age.  Today’s  Indian  remote  sensing, 
communications,  and  meteorological  satellites 
are  comparable  to  many  similar  space  systems 
operated  by  more  affluent  countries,  and  by  the 
end  of  the  decade  India  may  be  one  of  only  a 
half  dozen  countries/organizations  with  a 
geostationary  launch  capability. 

The  Indian  Space  Research  Organization 
(ISRO)  was  established  in  1969  and  is  currently 
under  the  Department  of  Space  (Figure  1.7).  An 
inter-ministerial  Space  Commission  coordinates 
space-related  issues  at  the  highest  government 
levels  for  policy-making  and  implementation 
through  the  Department  of  Space  and  ISRO. 
Along  with  ISRO  in  the  Department  of  Space 
are  the  National  Remote  Sensing  Agency,  the 
National  Natural  Resources  Management 
System,  the  National  Mesosphere- 
Stratosphere-Troposphere  Radar  Facility,  and 
the  Physical  Research  Laboratory.  The 
Chairman  of  ISRO  since  1984,  Prof.  U.  R.  Rao, 
stepped  down  and  was  replaced  in  April,  1994 
by  Krishnaswamy  Kasturirangan,  who  also 
carries  the  titles  Secretary  of  the  Department  of 


Space  and  Chairman  of  the  Space  Commission. 
With  headquarters  at  Bangalore,  ISRO  now 
boasts  of  a  workforce  of  approximately  17,000 
(References  25-27). 

ISRO  oversees  five  major  centers  and 
various  units.  The  largest  facility  is  the  Vikram 
Sarabhai  Space  Center  at  Trivandrum,  near  the 
southern  tip  of  India,  where  emphasis  is  placed 
on  propulsion  and  launch  vehicle  technology  as 
well  as  spacecraft  subsystems.  The  ISRO 
Satellite  Center  in  Bangalore  is  the  lead  center 
for  all  satellite  development.  All  Indian  space 
launches  originate  from  the  Sriharikota  High 
Altitude  Range  (SHAR)  Center  on  Sriharikota 
Island  in  the  Bay  of  Bengal.  The  Liquid 
Propulsion  Systems  Center  is  actually 
distributed  among  facilities  at  Bangalore, 
Mahendragiri,  and  Trivandrum.  Finally,  the 
Space  Applications  Center  at  Ahmedabad  has 
the  responsibility  to  ensure  that  practical 
applications  of  space  technology  are  realized. 
ISRO  also  operates  a  Telemetry,  Tracking,  and 
Command  Network  for  satellite  control 
(Reference  28). 

A  large  portion  of  India's  aerospace 
expertise  remains  within  ISRO,  but  a 
commercial  industry  continues  to  be  nurtured. 
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ISRO  created  the  Antrix  Corporation  in  1 992  to 
market  space  and  teiecommunications 
products,  and  in  the  same  year  established  a 
policy  to  promote  the  commercial  procurement 
of  space  technology  components  rather  than 
their  manufacture  within  ISRO.  Today, 
approximately  50%  of  the  ISRO  budget  goes  to 
Indian  industry,  although  a  subsequent  portion 
may  be  used  to  purchase  foreign  equipment. 
Facilities  construction  and  development  are 
often  provided  by  a  separate  Civil  Engineering 
Division  of  the  Department  of  Space 
(References  25,  29-30). 

The  annual  ISRO  space  budget  period  runs 
from  1  April  to  the  following  31  March.  From  the 
1993-1994  budget  year,  appropriations 
increased  by  about  12%  to  nearly  8  billion 
Rupees  (compared  with  approximately  5  billion 
Rupees  for  1992-1993)  with  an  even  sharper 
increase  forecast  for  the  following  year.  Slightly 
more  than  40%  of  the  annual  outlays  are 
designated  for  launch  vehicle  development  and 
operations.  A  separate  government  allotment  is 
given  to  the  Antrix  Corporation  which  is  not  yet 
self-sufficient. 

1.5  ISRAEL 

The  newest  member  of  the  so-called  space 
club  is  Israel  which  has  conducted  only  two 
successful  space  launches,  the  first  in  1 988  and 
the  other  in  1 990.  Following  in  the  footsteps  of 
India,  Israel  is  first  concentrating  on  the 
development  of  relatively  simple  launch 
vehicles  with  low  payload  capacity  and  of 
satellites  based  on  proven  technologies.  Future 
activities  may  be  biased  toward  the  deployment 
of  more  sophisticated  space  systems  (via 
domestic  and  commercial  foreign  launch 
services)  rather  than  a  significant  advance  in 
booster  capability. 

The  Israeli  Space  Agency  (ISA)  was 
created  in  1983  under  the  Ministry  of  Science 
and  Technology  and  is  chaired  by  Prof.  Yuval 
Ne’eman.  The  Director  General  of  ISA,  Aby 
Har-Even,  manages  the  agency  in  its  duties  to 
run  the  nation’s  space  program,  to  coordinate 
research  and  space  studies,  and  to  promote  the 
“development  of  space-related  products  by  the 
private  sector”  (References  31-32).  Cooperat¬ 
ing  with  ISA  to  exploit  Israel’s  fledgling 
capabilities  in  space  are  the  Interdisciplinary 
Center  for  Technological  Analysis  and  Fore¬ 
casting  of  Tel  Aviv  University  and  the  National 


Committee  for  Space  Research  of  the  Israeli 
Academy  of  Sciences  and  Humanities. 

To  date  Israel’s  industrial  base  for  launch 
vehicle  and  satellite  development  is  narrow. 
Israel  Aircraft  Industries  Ltd  (lAI)  was  the  princi¬ 
pal  designer  and  manufacturer  of  the  Shavit 
solid-propellant  booster  and  the  Ofeq 
experimental  spacecraft  and  is  developing  the 
Amos  geostationary  communications  satellite. 
Rafael,  Israel  Armament  Development 
Authority,  was  responsible  for  the  AUS-51 
which  has  served  as  the  third  stage  motor  of 
Shavit  launch  vehicle.  The  Asher  Space 
Research  Institute  of  the  Technion  Institute  of 
Technology  is  developing  the  small  Techsat 
(aka  Gurwin-1),  a  50-kg  class  satellite 
scheduled  for  launch  in  1995,  and  El-Op 
Electro-optics  Industries  specializes  in 
spaceborne  sensors. 

The  official  ISA  annual  budget  is  only  about 
$50  million,  but  this  does  not  cover  launch 
vehicle  development  or  most  satellite  programs. 
Instead,  Israeli  industry  is  making  substantial 
investments  in  space  technology,  while  the 
Ministry  of  Defense  underwrites  much  of  the 
infrastructure,  including  the  Shavit  launch 
vehicle  and  the  Palmachim  launch  facility 
(References  33-36). 

1.6  ITALY 

Italy  was  one  of  the  first  European  nations 
to  operate  its  own  Earth  satellite  (launched  by 
the  US  in  1964),  and  during  1967-1988  the 
nation  conducted  nine  launches  from  the  San 
Marco  Indian  Ocean  platform  with  the  assis¬ 
tance  of  the  US.  Despite  significant  achieve¬ 
ments  in  space  science,  geodesy,  and  man¬ 
rated  spacecraft  modules,  Italian  progress  in 
space  exploration  and  exploitation  has  slowed 
considerably  during  the  1 990's  as  national  fiscal 
constraints  and  bureaucratic  upheavals  have 
taken  their  toll. 

A  governmental  reorganization  in  1988 
established  the  Italian  Space  Agency  (ASI, 
Agenzie  Spaziale  Italiana)  under  the  Ministry  of 
Universities  and  Scientific  and  Technological 
Research  (MURST)  and  its  Undersecretary  of 
Space  (Figure  1.8).  Beginning  in  1992  ASI 
came  under  intense  scrutiny  for  its  budgetary 
and  program  management  handlings.  Shortly 
after  the  appointment  of  Umberto  Colombo  to 
the  post  of  Minister  of  MURST  in  May,  1993, 
ASI's  long-time  President,  Lucianno  Guerriero, 
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FIGURE  1.8  ITALIAN  NATIONAL  SPACE  ORGANIZATIONAL  STRUCTURE. 


and  Director  General,  Carlo  Buongiorno,  left  the 
agency.  On  1  September  1993,  Giampietro 
Puppi,  a  past  president  of  ESRO,  assumed 
duties  as  interim  commissioner  of  ASI.  Then,  in 
February,  1994,  Giorgio  Fiocco,  a  professor  at 
the  University  of  Rome,  was  selected  as  the 
new  president  of  ASI.  Later,  Prof.  Mario 
Calamia,  was  tapped  to  be  ASI's  Director 
General.  However,  in  late  September,  1 994,  the 
Italian  government  announced  its  intention  to 
transfer  ASI  from  MURST  to  the  National 
Department  of  Energy  and  Environment  (ENEA) 
in  June,  1995  (References  37-45). 

ASI  is  a  relatively  small  organization  with  a 
staff  of  little  more  than  100  personnel  and  head¬ 
quarters  in  Rome.  The  agency’s  Board  of  Direc¬ 
tors  is  advised  by  two  12-person  committees: 
the  Scientific  Committee  and  the  Technical 
Committee.  To  implement  the  national  space 
program  ASI  works  closely  with  the  University 
of  Rome  and  the  National  Research  Council. 
The  former,  through  its  Aerospace  Research 
Center,  manages  the  San  Marco  space  launch 
facility  in  the  Indian  Ocean  near  Kenya.  How¬ 
ever,  relations  between  ASI  and  the  University 
of  Rome  became  strained  in  1991-1992  over 


different  views  concerning  the  means  of 
improving  Italy’s  space  launch  capability.  No 
Italian  space  launches  have  occurred  since 
1988  as  the  nation  continues  to  wrestle  with  the 
development  of  a  Scout  follow-on.  The  National 
Research  Council,  through  its  CNUCE  institute, 
supports  ASI  in  areas  of  mission  analysis, 
mission  design,  and  data  handling,  and  works 
with  Italian  aerospace  industries. 

With  assistance  from  ASI,  the  Italian 
government  adopts  5-year  space  plans  to 
establish  national  goals  and  for  long-range 
budgeting  purposes.  The  guidelines  proposed 
for  the  1990-1994  Italian  national  space  plane 
included: 

“•  significant  importance  of  fundamental 
research,  toward  which  15%  of  the  national 
financing  activity  is  dedicated,  in  com¬ 
pliance  with  the  law  constituting  the  ASI... 

•  strong  impetus  toward  development  of 
industrial  type  activity... 

•  reinforcement  of  initiatives  aimed  at 
favoring  installation  in  the  South,  of  new 
structures  having  high  technological  content 
and  with  the  potential  to  have  a  broad 
impact  on  the  production  apparatus... 
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•  consolidation  of  educational  and  training 
activity  aimed  at  the  need  within  the  space 
sector  to  encourage  qualitative  growth  of 
the  human  factor  in  national  enterprises  and 
research  structure  which,  faced  with  the 
European  reality,  are  in  no  way  adequate  or 
large  enough; 

•  substantial  balancing  between  national 
activity  and  Italian  participation  in  ESA... 

•  strong  characterization  at  the  international 
level... 

•  promotion  of  initiatives  tending  toward  an 
increasingly  efficient  coordination  with 
national  administrations  and  agencies 
dedicated  to  the  fulfillment  of  operational 
activity  connected  with  the  development  of 
space  activities...” 

The  principal  Italian  corporation  involved  in 
space  activities  is  Alenia  Spazio  which  was 
formed  in  1 990  with  the  merger  of  Aeritalia  and 
Selenia.  The  new  firm,  responsible  for 
approximately  70%  of  Italy's  industrial  space 
activities,  is  broad-based,  supporting  both 
Italian  and  European  programs  with  spacecraft, 
subsystems,  ground  stations,  and  related  soft¬ 
ware.  BPD  Difesa  E  Spazio  is  Italy’s  leading 
company  for  launch  vehicle  and  spacecraft 
propulsion. 

The  1990-1994  five-year  plan  had 
envisioned  substantial  increases  in  ASI's 
annual  budget,  from  1.0  trillion  Lira  in  1990  to 
2.1  trillion  Lira  in  1994.  However,  national  fiscal 
constraints  capped  the  annual  allocations  to  0.8 
trillion  Lira  for  each  of  1992,  1993,  and  1994, 
while  inflation  and  the  devaluation  of  the  Lira 
have  actually  reduced  the  real  value  of  the 


budget.  To  offset  both  the  budget  shortfall  and 
the  effects  of  inflation,  ASI  has  been  granted 
the  authority  to  borrow  money,  e.g.  0.7  trillion 
Lira  for  the  period  1993-1994.  Italian  law 
requires  that  15%  of  the  ASI  budget  be 
expended  for  basic  scientific  research,  but  in 
recent  years  the  interpretation  of  that  mandate 
has  led  to  serious  internal  governmental 
disputes.  Nearly  50%  of  the  1 994  budget  was 
set  aside  for  space  transportation  and 
International  Space  Station  activities  in  nearly 
equal  amounts.  Despite  the  fact  that  the 
proportion  of  the  Italian  space  budget 
earmarked  for  ESA  has  risen  from  less  than 
50%  in  1 991  to  nearly  75%  in  1 994,  Italy  has 
experienced  difficulties  in  meeting  its 
obligations  as  ESA's  third  major  member.  In 
1994  ESA  agreed  to  loan  funds  to  Italy  in  the 
amount  of  0.19  billion  Lira  over  a  three-year 
period  (Reference  46-49). 

1.7  JAPAN 

Japan  is  unique  among  the  Eurasian  space 
nations  with  two,  relatively  independent  national 
space  organizations:  one  for  applications  and 
one  for  science.  Both  not  only  fund  and 
manage  satellite  programs  but  also  develop 
families  of  launch  vehicles  and  maintain 
separate  launch  facilities  to  place  the  satellites 
in  orbit.  The  government  structure  is  further 
complicated  by  the  various  ministries  and 
agencies  which  support  these  organizations 
(Figure  1.9).  The  Space  Activities  Commission 
(SAC)  annually  reviews  Japan’s  Space 
Development  Program  to  coordinate  national 
space  activities  and  to  draft  departmental 


FIGURE  1 .9  JAPANESE  NATIONAL  SPACE  ORGANIZATIONAL  STRUCTURE. 
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budgets.  The  chairman  of  SAC  is  the  Minister  of 
State  for  Science  and  Technology.  Since  the 
first  domestic  launch  of  a  Japanese  satellite  in 
1970,  the  country  has  become  a  major  space 
power,  perhaps  surpassed  in  all  Europe  and 
Asia  by  only  the  Russian  Federation  and  the 
multi-national  ESA  (References  50-51). 

The  National  Space  Development  Agency 
of  Japan  (NASDA)  currently  receives  about 
75%  of  the  national  space  budget  primarily  via 
the  Science  and  Technology  Agency  of  the 
Prime  Minister’s  Office,  the  Ministry  of 
Transport,  and  the  Ministry  of  Posts  and 
Telecommunications.  NASDA,  with  a  workforce 
of  nearly  1 ,000  personnel,  is  responsible  for  the 
development  of  Japanese  communications, 
meteorological,  and  Earth  observation 
satellites  as  well  as  the  large  H-class  launch 
vehicles.  NASDA  also  oversees  Japan’s 
participation  in  the  International  Space  Station 
and  is  behind  the  proposed  HOPE  spaceplane. 
The  President  of  NASDA  since  1990,  Masato 
Yamano,  supervises  five  major  technical 
offices:  Space  Utilization,  Space  Transporta¬ 
tion,  Satellites,  Earth  Observation,  and 
Research  and  Development  (Figure  1.10). 
NASDA  operates  several  large  space  centers 


including  the  Tanegashima  Space  Center  for 
space  launches,  the  Kakuda  Propulsion  Center 
for  the  development  of  launch  vehicle 
propulsion  systems,  the  Tsukuba  Space  Center 
for  satellite  tracking  and  control,  and  the  Earth 
Observation  Center  for  data  processing  of 
remote  sensing  information  (References  52). 

Working  under  the  Ministry  of  Education, 
the  Institute  of  Space  and  Aeronautical  Science 
(ISAS)  is  devoted  to  space  science  research 
and  the  development  of  satellite  and  launch 
vehicle,  e.g.,  M-3SII,  technologies  needed  to 
support  this  objective.  Until  1981  ISAS  was  a 
part  of  the  University  of  Tokyo.  The  Director 
General  of  ISAS,  Ryojiro  Akiba  (since  February, 
1992),  heads  11  technical  divisions  with  300 
staff  and  100  graduate  students  and  is  advised 
by  a  Board  of  counselors  and  an  Advisory 
Council  for  Research  and  Management 
(Figure  1.11).  ISAS’  primary  facilities  include 
the  Kagoshima  Space  Center  for  space 
launches,  the  Noshiro  Testing  Center  for  launch 
vehicle  propulsion  system  development,  and 
the  Usuda  Deep  Space  Center  with  a  64-m 
diameter  antenna  for  satellite  tracking  and 
control  (References  53-56). 
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In  1963  Japan's  National  Aeronautical 
Laboratory  was  reorganized  into  the  National 
Aerospace  Laboratory  (NAL)  with  the 
incorporation  of  a  space  division.  As  its  name 
implies,  the  NAL  conducts  research  with  a  wide 
range  of  atmospheric  and  space  systems  with 
an  emphasis  on  airframe  and  propulsion 
technologies.  As  a  subordinate  organization  to 
the  Science  and  Technology  Agency,  NAL  often 
supports  NASDA  programs,  e.g.,  in  the 
development  of  the  LE-5  and  LE-7  main 
engines  for  the  H-ll  launch  vehicle.  The  Director 
General  of  NAL  is  Kazuaki  Takashima  with 
responsibility  for  450  staff  (75%  involved  in 
research)  in  numerous  divisions  and  groups. 
The  Space  Technology  Research  Group  is 
further  divided  into  13  subgroups  covering  all 
major  space  technologies.  From  headquarters 
in  Tokyo,  NAL  operates  the  Kakuda  Research 
Center,  associated  with  NASDA's  Kakuda 
Propulsion  Center  (References  57-59). 

Japan  benefits  from  a  strong  interest  in 
space  activities  by  the  giants  of  industry. 
Moreover,  these  firms  invest  considerable 
private  resources  to  conceive  long-term 
projects  which  may  not  be  realized  for  a  decade 
or  more.  Mitsubishi  Heavy  Industries  and 
Nissan  Motor  Company  are  the  major  launch 
vehicle  manufacturers  for  NASDA  and  ISAS, 


respectively.  Mitsubishi  Electric  Corporation, 
Nippon  Electric  Corporation,  and  Toshiba 
Corporation  all  have  credentials  as  satellite 
prime  contractors.  Fuji  Heavy  Industries  Ltd. 
and  IHI  Company  Ltd.  both  support 
development  of  reusable  space  transportation 
systems  and  the  Japanese  Experiment  Module 
for  the  International  Space  Station.  Sumitomo 
Heavy  Industries  is  weii  known  for  launch 
vehicle  support  facilities,  and  Shimizu 
Corporation  is  leading  industry  in  the  design  of 
long-range  facilities,  including  outposts  on  the 
Moon  and  Mars. 

By  1994,  the  Japanese  government  was 
investing  in  excess  of  $2.5  billion  annually,  and, 
as  space  budgets  in  the  West  decline, 
Japanese  expenditures  continue  to  experience 
real  growth.  The  total  space  budget  increased 
nearly  15%  between  1992  and  1994,  reaching 
almost  230  billion  Yen.  During  this  same  period, 
NASDA's  budget  increased  17%  to  164  billion 
Yen,  but  ISAS's  budget  increased  only  3%  to  21 
billion  Yen.  Of  the  record  12  billion  Yen 
allocated  to  NAL  during  1994,  4.5  billion  Yen 
constituted  the  space  budget. 

1 .8  PEOPLE'S  REPUBLIC  OF  CHINA 

The  PRC’s  first  domestic  space  launch  took 
place  just  two  months  after  Japan’s  first  mission 
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in  1970,  and  since  then  the  paths  of  these  two 
Asian  countries  have  been  remarkably  similar. 
Like  Japan,  the  PRC  averages  only  a  few 
missions  each  year  and  has  developed  the 
means  to  reach  both  LEO  (including  sun- 
synchronous  missions)  and  GEO.  However, 
the  PRC  has  launched  relatively  few  scientific 
satellites  and  has  accumulated  extensive 
experience  with  recoverable  spacecraft. 

In  1968  the  China  Academy  of  Space 
Technology  (CAST)  was  formed  to  manage  the 
technical  development  and  application  of  space 
launch  vehicles  and  spacecraft.  Until  recently, 
this  extensive  program  was  directed  principally 
by  the  Ministry  of  Aerospace  industry  (1988- 
1993),  but  a  major  reorganization  in  1993 
affected  most  of  the  aerospace  industry.  By  the 
end  of  1994  the  China  Aerospace  Corporation 
(CAC  or  CASC)  and  the  China  National  Space 
Administration  (CNSA)  had  assumed  the 
authority  previously  held  by  the  Ministry  of 
Aerospace  Industry  (Figure  1.12).  However,  the 
two  new  organizations  are  not  independent, 
sharing  a  number  of  responsibilities  as  well  as 
personnel.  For  example,  the  President  of  CAC, 
Liu  Jiyuan,  is  also  the  Administrator  of  CNSA. 
Liu  Jiyuan  was  formerly  the  Vice  Minister  of  the 
Aerospace  Industry  and  the  Vice  President  of 
CAST  and  is  a  graduate  of  the  Bauman 


Polytechnic  University  in  Moscow.  The  principal 
role  of  CNSA  is  to  serve  as  PRC's  interface  with 
other  national  space  agencies,  while  CAC 
exerts  primary  control  over  the  national  space 
program  (References  60-63). 

CAST  has  retained  its  responsibility  for  the 
design  and  manufacture  of  most  Chinese 
satellites,  e.g.,  recoverable,  communications, 
and  scientific  spacecraft,  and  operates  a 
number  of  institutions  and  factories  to  meet 
satellite  development  and  testing  requirements. 
Meteorological  spacecraft  are  created  by  the 
Shanghai  Academy  of  Spaceflight  Technology's 
Shanghai  Institute  of  Satellite  Engineering, 
which  until  1993  was  also  a  part  of  CAST. 
During  the  1980's  the  Shanghai  Academy  of 
Spaceflight  Technology,  then  known  as  the 
Shanghai  Bureau  of  Astronautics  (founded  in 
1969),  supervised  10  research  institutes  and  12 
factories  with  a  workforce  of  more  than  30,000 
for  the  production  of  both  spacecraft  and  launch 
vehicles. 

Launch  vehicle  construction  is  largely 
divided  between  the  Shanghai  Academy  of 
Spaceflight  Technology  and  the  China 
Academy  of  Launch  Vehicle  Technology 
(CALVT),  formerly  the  Wan  Yuan  Industry 
Corporation,  founded  in  1957.  The  Shanghai 
Academy  of  Spaceflight  Technology  builds  the 


FIGURE  1.12  CHINESE  NATIONAL  SPACE  ORGANIZATIONAL  STRUCTURE. 
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first  and  second  stage  structures  of  the  CZ-3 
launch  vehicle  and  is  responsible  for  the  CZ-2D 
and  CZ-4  boosters,  while  CALVT  managed  the 
development  of  the  CZ-2C  and  hypergolic  and 
cryogenic  engines.  Solid  propellant  retro  motors 
and  apogee  kick  motors  have  been  developed 
by  the  Northwest  Chemistry  Dynamics 
Corporation,  and  spacecraft  thrusters  are  built 
by  the  Beijing  Institute  of  Control  Engineering 
and  the  China  Academy  of  Sciences'  Lanzhou 
Institute  of  Physics.  CAC's  Hexi  Company  has 
developed  a  new  solid  propellant  perigee  kick 
stage  motor  scheduled  for  a  flight  in  1995. 

Another  major  firm  governed  by  CAC  is  the 
China  Great  Wall  Industry  Corporation 
(CGWIC).  Established  in  1980,  CGWIC  in  1985 
was  selected  to  handle  the  import  and  export  of 
Chinese  space  technology  and  products  with  an 
objective  to  arrange  for  the  launch  of  foreign 
spacecraft  by  Chinese  boosters  on  a 
commercial  basis.  In  July,  1993,  the  China 
Satellite  Launch  Agents  of  Hong  Kong  Ltd.  was 
established  to  promote  the  commercial  use  of 
Chinese  recoverable  spacecraft. 

The  China  Satellite  Launch  and  TT&C 
General  organization  is  responsible  not  only  for 
the  launch  of  all  Chinese  space  boosters  but 


also  for  their  vital  tracking,  telemetry,  and 
control  functions.  All  three  Chinese  launch 
centers  and  the  TT&C  infrastructure  come 
under  its  jurisdiction.  In  all,  the  organization 
claims  a  workforce  of  more  than  20,000, 
including  Luoyang  Tracking  and  Communica¬ 
tions  Technology  Center  and  the  Beijing  Special 
Engineering  and  Design  Institute. 

The  China  Academy  of  Sciences  apparently 
plays  a  minor  role  in  the  national  space 
program.  While  its  institutes  may  contribute 
some  components,  instrumentation,  and 
scientific  experiments,  the  academy  is  rarely 
mentioned  in  reports  and  documents  on  space 
activities. 

Until  1994  financial  details  of  China's 
military  and  civilian  space  programs  were  con¬ 
sidered  state  secrets.  Moreover,  the  Chinese 
governmental  budget  structure,  like  that  of  the 
former  Soviet  Union,  was  not  amenable  to  such 
specific  accountings.  Recently  the  Chinese 
annual  budget  for  civil  space  activities, 
including  research  and  development,  launch 
vehicle  and  satellite  production,  and  launch  site 
tests,  has  averaged  1 .4-1 .5  billion  Yuan.  Actual 
launch  and  satellite  control  operations  are 
financed  separately  (References  64-66). 
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1.9  RUSSIAN  FEDERATION 

For  nearly  30  years  the  USSR  was  the  most 
prolific  builder  and  launcher  of  artificial  satellites 
in  the  worid,  accounting  for  68%  of  the  3,400 
international  space  missions  conducted  from 
1957  to  its  dissolution  at  the  end  of  1991.  The 
sheer  magnitude  of  this  effort  led  to  a  highly 
structured,  albeit  Byzantine,  system  of  space 
program  development,  funding,  and 
implementation.  Early  plans  to  transform  the 
Soviet  space  infrastructure  into  a  Common¬ 
wealth  of  Independent  States  (CIS)  family  of 
space  programs  failed  to  mature,  and  the 
Russian  Federation,  via  the  Russian  Space 
Agency  (RKA)  and  the  Russian  Military  Space 
Forces  (VKS)  both  founded  in  1992,  inherited 
the  responsibility  for  maintaining  a  diverse 
constellation  of  approximately  170  operational 
spacecraft  and  the  industry  behind  it 
(Figure  1.13).  A  CIS  Interstate  Space  Council 
still  exists  and  sets  budgets  and  priorities  but  in 
practice  it  is  subservient  to  the  Russian  space 
program. 

The  RKA,  led  by  General  Director  Yuri 
Nikolayevich  Koptev,  is  still  a  relatively  small 


organization  (few  hundred  personnel)  with 
largely  administrative  functions,  but,  particularly 
during  1994,  the  agency  began  assuming 
greater  power  as  several  industrial  concerns 
joined  its  modest  scientific  research  center 
association  (Figure  1.14).  The  growing  number 
of  bilateral  and  multilateral  accords  with  other 
national  space  agencies,  e.g.,  the  International 
Space  Station,  has  also  increased  the  influence 
of  the  RKA.  The  official  responsibilities  of  the 
RKA  were  codified  in  August,  1993,  in  the 
Russian  Federation  Law  on  Space 
(Section  7.3).  During  1993  RKA  drafted  the 
long-range  civilian  space  program  objectives 
through  the  year  2000  (Section  7.4  and 
References  67-71). 

The  Russian  Armed  Forces  were 
established  on  7  May  1992,  enabling  the 
creation  of  VKS  later  that  year  on  10  August. 
Commander-in-Chief  of  the  VKS  is  Col.  Gen. 
Vladimir  Ivanov,  who  was  also  CINC  of  the 
predecessor  organization.  Ministry  of  Defense 
Space  Units  (1982-1991),  since  1989.  The  VKS 
is  currently  responsible  for  the  operation  of  the 
Baikonur  and  Plesetsk  Cosmodromes,  the 


FIGURE  1.14  RKA  ORGANIZATIONAL  STRUCTURE. 
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construction  of  the  Svobodnyy  Cosmodrome, 
the  Mozhayskiy  Military  Space  Engineering 
Academy,  the  Central  Scientific  Research 
Institute  on  Space  Technology,  and  the  Space 
Command,  Control,  and  Tracking  System  (KIK), 
which  includes  the  Main  Center  for  Testing  and 
Controlling  Space  Devices  at  Golitysno-2  near 
Moscow  as  well  as  other  sites  in  the  former 
Soviet  Union  (Figure  1.15).  Portions  of  the  KIK 
also  support  RKA's  Flight  Control  Center  (FCC 
or  TsUP)  at  Kaliningrad  near  Moscow  in 
conjunction  with  the  Mir  space  station  program. 
The  former  fleet  of  Space  Event  Support  Ships 
operated  by  the  former  USSR  Academy  of 
Sciences  has  essentially  been  disbanded, 
although  the  Russian  Ministry  of  Defense  still 
operates  some  specialized  range  instrumen¬ 
tation  ships  capable  of  providing  KIK  services. 
In  1994,  the  VKS  began  testing  a  new  mobile 
KIK  unit  and  deploying  new  KIK  sites  to  offset 
the  loss  of  facilities  outside  the  Russian 
Federation  (References  70,  72-85). 

A  special  network  of  large-diameter 
antennas  make  up  the  Long-Range  Space 
Communications  System  (TsDKC)  for  control  of 


scientific  spacecraft  in  high  Earth  orbits  or  on 
interplanetary  flights.  The  network  consists  of 
10  primary  antennas  (22-70  m  diameter)  at 
seven  locations:  Yevpatoriya,  Simeiz, 
Pushchino,  Medvezhi  Ozera,  Ulan  Ude, 
Ussuriysk,  and  the  Suffa  Plateau  (the  last  under 
construction).  For  example,  current  plans  call 
for  linking  the  RT-32  and  RT-70  radiotelescopes 
at  Yevpatoriya  and  Ussuriysk  and  the  RT-64 
radiotelescope  at  Medvezhi  Ozera  to  form  the 
primary  tracking  and  telecommunications 
system  for  the  Mars-96  mission. 

Equally  important  as  the  KIK  is  the  Russian 
network  of  large  ground-based  radars  which 
form  the  backbone  of  the  Russian  Space 
Surveillance  System  (SSS),  managed  by  the  Air 
Defense  Forces.  Space  surveillance  tasks  are 
primarily  performed  by  Dnepr  and  Daryal-UM 
radars  developed  in  the  1960’s  and  1980’s, 
respectively.  Eight  facilities  are  intermittently 
operational:  in  Russia  at  Irkutsk,  Murmansk, 
and  Pechora;  in  Ukraine  at  Sevastopol  and 
Uzhgorod;  in  Kazakhstan  at  Balkhash;  in 
Azerbijan  at  Mingechaur;  and  in  Latvia  at  Riga. 
An  unfinished  Daryal-UM  radar  in  Latvia  was 


FIGURE  1.15  VKS  ORGANIZATIONAL  STRUCTURE. 
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scheduled  for  demolition  in  1995,  while  the 
operational  Dnepr  radar  nearby  will  remain 
open  untii  1998  under  a  Russian-Lativan 
agreement.  A  ninth  sensor  for  the  SSS  is  an 
ABM  radar  near  Moscow.  To  augment  the  radar 
faciiities  which  operate  primariiy  at  150  MHz 
and  200  MHz,  the  SSS  receives  information 
from  optical  and  electro-optical  sites  located  in 
Russia,  Kazakhstan,  Tadjikistan,  Ukraine, 
Georgia,  Armenia,  and  Turkmenia.  A  unique 
facility  on  Mt.  Maidanak  in  Uzbekistan  also  has 
space  surveillance  capabilities  and  is  being 
examined  by  US  officials  for  possible 
contributions  to  the  tracking  of  very  smali 
objects  in  space.  During  1993-1994  severai 
SSS  sensors  were  temporarily  out  of  operation 
due  to  funding  difficuities,  inciuding  the  inabiiity 
to  pay  electrical  bills  to  the  now-commercial 


power  industry  (References  86-90). 

The  Soviet  aerospace  industry  was,  by  far, 
the  largest  of  its  kind  in  ali  of  Europe  and  Asia. 
In  the  three  years  (1992-1994)  following  the 
demise  of  the  USSR,  the  size  and  production 
capabiiity  of  this  enormous  sector  of  the 
economy  suffered  significant  reductions  as 
government  orders  were  sharply  curtailed.  From 
the  largest  manufacturers  of  satellites  and 
launch  vehicles  to  the  smallest  subsystem 
component  vendor,  the  continuing  breakdown  in 
the  entire  miiitary-industrial  complex  led  to 
disruptions  and  even  cancellations  of  pianned 
activities.  The  severity  of  the  situation  caused 
the  Russian  Supreme  Soviet  to  issue  a  decree 
on  27  April  1993  (Section  7.1)  with  the  intent  of 
stabiiizing  the  increasing  economic  anarchy  and 
the  fiight  of  professionals  to  other  industries. 


TABLE  1.3  MAJOR  RUSSIAN  INDUSTRIAL  SPACE  ORGANIZATIONS. 


ORGANIZATTON 

LOCATION 

All-Russian  Research  Institute  of  Eieclromechanics 

Moscow  Region 

Meteorological  spacecraft,  stabilization  and  solar  array  drive  systems 

Applied  Mechanics  Scientific  Production  Association 

Krasnoyarsk 

Communications,  navigation,  geodesy  satelites 

Arsenal  Enterprise 

St  Petersburg 

Military  space  systems 

Automation  and  Instrument  Engineering  Scientific  Production  Association 

Moscow  Region 

Spacecraft  guidance,  navigation,  control  systems 

Biofizpribor  Specialized  Design  and  Technological  Bureau 

St  Petersburg 

Biological/physiological  space  flight  equipment 

Bioteknika  Scientific  Production  Association 

Moscow  Region 

Biologicai/botanlcal  space  flight  equipment 

Central  Aerohydrodynamics  Institute 

Moscow  Region 

Wind  tunnels  super/hypersonic  modeling 

Central  Scientific  Research  Institute  of  Machine  Building 

Moscow  Region 

Space  program  administration,  engineering,  ballistics 

Central  Specialized  Design  Bureau 

Samara 

Manned  and  unmanned  spacecraft,  launch  vehicles 

Elas  Scientific  Production  Joint-Stock  Assocation 

Moscow  Region 

Spacecraft  electronics  equipment 

Etektronika  Production  Association 

Voronezh 

Electronic  components 

Energiya  Rocket  Space  Corporation 

Moscow  Region 

Manned/unmanned  spacecraft  and  launch  vehicles 

Energomash  Scientific  Production  Association 

Moscow  Region 

Launch  vehicle  engines 

Fakel  Experimental  Design  Bureau 

Moscow  Region 

Electric  propulsion  systems 

General  Machine  Building  Design  Bureau 

Moscow  Region 

Launch  vehicle  launch  facilities 

Gromov  Flight  Research  Center 

Moscow  Region 

Experimental  aerospace  vehicle  testing 

Institute  of  Biomedical  Problems 

Moscow  Region 

Biological  (including  human)  spaceflight  experiments 

Institute  of  Physics  and  Power  Engineering 

Obninsk 

Space  power  systems 

Institute  of  Space  Research 

Moscow  Region 

Spacecraft  scientific  instruments 

Instrument  Building  for  Space  Research  NPO 

Belgorod 

Spacecraft  subsystems 

Isayev  Chemical  Engineering  Design  Bureau 

Moscow  Region 

Spacecraft  propulsion  systems 

Khimavtomatika  Design  Bureau 

Voronezh 

Launch  vehicle  engines 

Khrunichev  State  Space  Scientific  Production  Center 

Moscow  Region 

Launch  vehicles,  manned  spacecraft 

Kometa  Central  Scientific  Production  Association 

Moscow  Region 

Military  space  systems,  large  deployable  antennas 

Komplex  Scientific  and  Technical  Center 

Moscow  Region 

Solid-propellant  launch  vehicles 

Kompozit  Joint-Stock  Association 

Moscow  Region 

Space  technology  materials 

Kurchatov  Institute  of  Atomic  Engergy 

Moscow  Region 

Space  nuclear  power  systems 

Kvant  State  Scientific  Production  Enterprise 

Moscow  Region 

Solar  cells,  storage  batteries 

Lavochkin  Scientific  Production  Association 

Moscow  Region 

Scientific  instruments  and  spacecraft 

LOMO  Joint-Stock  Association 

St.  Petersburg 

Spacecraft  optical,  electro-optical  equipment 

Machine  Building  Scientific  Production  Association 

Moscow  Region 

Remote  sensing  spacecraft 

Makeyev  Design  Bureau  and  State  Rocket  Center 

Chelyabinsk  Region 

Submarine-launch  boosters  and  related  payloads 

Moiniya  Scientific  Production  Association 

Moscow  Region 

Buran  space  shuttle,  aerospace  planes,  aviation 

Moscow  Aviation  Institute 

Moscow  Region 

General  aerospace  design 

Moscow  Power  Engineering  Institute 

Moscow  Region 

Ground  control  facilities 

Precision  Instruments  Scientific  Production  Association 

Moscow  Region 

Spacecraft  control  systems 

Polet  Aerospace  Association 

Omsk 

Small  spacecraft  and  launch  vehicles 

Russian  Scientific  Research  Institute  for  Space  Instrument  Engineering 

Moscow  Region 

Spacecraft  equipment 

Scientific  Center  Scientific  Production  Association 

Moscow  Region 

Materials  science,  materials  processing 

Scientific  Research  Institute  of  Machine  Building 

Nizhnyaya  Saida 

Low  riirust  spacecraft  engines 

Scientific  Research  Institute  of  Thermal  Processes 

Moscow  Region 

Space  nuclear  power  systems 

Soyuz  Scientific  Production  Association 

Moscow  Region 

Spacecraft  propulsion  systems 

Splav  Technical  Center 

Moscow  Region 

Materials  science,  materials  processing 

Stekloplastik  Scientific  Production  Association 

Moscow  Region 

High  technology  materials 

Tekhnologiya  Scientific  Production  Association 

Obninsk 

High  technology  materials 

Tekhnomash  Scientific  Production  Association 

Moscow  Region 

General  aerospace  technology 

Trud  Scientific  Production  Association 

Samara 

Aerospace  engines 

Vavilov  State  Optical  Institute 

St.  Petersburg 

Spacecraft  optical,  electro-optical  equipment 

Vega  Scientific  Production  Association 

Moscow  Region 

Radio  and  control  systems 

Vernadskiy  Institute  for  Geochemistry  and  Analytical  Chemistry 

Moscow  Region 

Spacecraft  scientific  instruments 

Vympel  Corporation 

Moscow  Region 

Space  surveillance 

Zvezda  Scientific  Production  Association 

Moscow  Region 

Life  support  systems 

19 


Conversion  from  government  to  commercial 
projects  has  been  highly  encouraged  for  almost 
all  the  major  Russian  space  industries 
(Table  1 .3).  A  1 993  goal  was  to  consolidate  and 
streamline  the  Russian  space  industry,  creating 
four  major  space  centers  and  30-40  supporting 
enterprises  from  the  existing  >150  industries.  A 
first  step  in  this  process  came  in  June,  1993, 
when  the  Salyut  Design  Bureau  and  the 
Khrunichev  Machine  Building  Plant  were 
merged  into  the  Khrunichev  State  Space 
Scientific  Production  Center.  In  February,  1994, 
Presidential  Decree  237  enabled  the 
government-owned  Energiya  NPO  to  begin 
privatization,  although  51%  of  the  ordinary 
shares  were  to  be  held  by  the  government  for  at 
least  three  years.  Another  government  decree 
two  months  later  reinforced  the  Presidential 
decree  and  changed  the  name  of  the 
organization  to  the  S.P.  Korolev  Energiya 
Rocket  Space  Corporation  or  RKK  Energiya,  for 
short.  Also  in  1994,  several  major  space 
industries  agreed  to  establish  the  Russian 
Aerospace  Corporation  and  an  Aerospace  Bank 
(References  91-99). 

The  new  Russian  space  law  of  1993 
(Section  7.3)  specifically  addressed  the 
financing  of  space  programs  and  foreign 
investments  (Article  12)  as  well  as  establishing 
a  space  fund  aimed  primarily  at  supporting  re¬ 
search  and  development  activities  (Article  13). 
However,  both  the  1993  and  1994  space  bud¬ 
gets  were  approved  only  after  torturous  and 
protracted  processes,  during  which  sky¬ 
rocketing  inflation  was  diminishing  the  true 


value.  Figure  1.16  indicates  the  relative  expen¬ 
ditures  of  the  1993  and  the  proposed  1994 
space  budgets,  while  Figure  1.17  denotes  the 
programmatic  breakdown  for  the  1 993  budget. 
Of  the  1,550  billion  Rubles  (1994  level)  finally 
requested  for  the  1994  budget,  890  billion 
Rubles  were  appropriated  and  only  450  billion 
Rubles  were  actually  funded.  Scant  information 
is  available  on  the  annual  VKS  budget,  but  re¬ 
quests  for  1 995  revealed  planned  expenditures 
essentially  equal  to  that  of  the  RKA.  Both  the 
RKA  and  the  VKS  provide  funding  for  the 
Baikonur  Cosmodrome  in  Kazakhstan.  In  June, 
1994,  the  CIS  Interstate  Space  Council  adopted 
a  program  for  1994  calling  for  1,200  billion 
Rubles,  of  which  Moscow  was  expected  to  pay 
the  lion's  share  (References  70, 100-105). 

1.10  UKRAINE 

During  the  years  of  the  USSR,  Ukraine  was 
the  most  important  republic  outside  the  Russian 
Federation  contributing  to  the  vast  Soviet  space 
program.  The  National  Space  Agency  of 
Ukraine  (NKAU)  was  formed  on  2  March  1992, 
but,  despite  Ukraine's  extensive  space 
infrastructure  and  continuing  support  to  the 
Russian  Federation,  the  national  space 
program  has  been  slow  to  develop.  By  the  end 
of  1994,  Ukraine  was  anticipating  the  launch  of 
its  first  domestic  satellite  and  was  rapidly 
forging  bilateral  and  commercial  agreements 
which  could  lead  to  a  much  stronger  space 
program  within  the  next  few  years. 

The  first  Director  General  of  NKAU, 
Volodymir  P.  Gorbulin,  was  active  in  several  top 
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level  government  roles  until  his  appointment  as 
Secretary  of  the  Nationai  Security  Council  in 
October,  1994.  Consequently,  the  acting  head 
of  NKAU  for  much  of  1994  was  his  deputy 
Andrei  Zhalko-Tytarenko.  Gorbuiin,  Zhaiko- 
Tytarenko,  and  newiy  elected  Ukrainian 
President  Leonid  Kuchma  (Juiy,  1994)  all  held 
senior  management  positions  at  the  Yuzhnoye 
NPO  in  Dnepropetrovsk,  the  heart  of  Ukraine's 
space  industry.  Although  a  specific  military 
space  organization  has  not  yet  been  created, 
movement  in  that  direction  has  begun 
(References  106-111). 

Ukraine's  immediate  plans  are  to  launch  an 
Earth  observation  satellite  (Section  4.3.13)  in 
1995  and  at  least  two  communications  satellites 
by  the  end  of  the  decade.  The  Yuzhnoye  NPO 
has  already  produced  more  than  400  Earth 
satellites  dedicated  to  remote  sensing, 
scientific,  and  national  (USSR/CIS)  security 
objectives.  The  firm  is  also  the  principal 
manufacturer  of  the  Tsykion  and  Zenit  launch 
vehicles  as  well  as  the  RS-20  ICBM  which  may 
soon  see  service  as  a  space  launch  vehicle 
under  the  name  SS-18K.  Ukraine  is  also  the 
home  to  the  Yevpatoriya  Deep  Space  Control 
Center,  several  TT&C  facilities  formerly 
belonging  to  the  Soviet  Ministry  of  Defense,  and 
radar,  optical,  and  electro-optical  space 
surveillance  complexes.  The  major  space 


infrastructure  element  missing  is  a  space 
launch  facility.  In  the  near-term,  Ukrainian 
boosters  will  be  constrained  to  operations  from 
the  Russian  Plesetsk  Cosmodrome  and  the 
Kazakh-Russian  Baikonur  Cosmodrome,  but 
alternatives,  such  as  sea-based  or  new  fixed 
foreign-based  launches  of  Zenit  are  under 
active  consideration. 

Ukraine  has  sought  to  expand  cooperative 
space  programs  not  only  with  the  Russian 
Federation  but  also  with  the  US,  India, 
Australia,  and  the  International  Space  Station 
program.  An  agreement  signed  in  1994  with  the 
US  may  lead  to  a  Ukrainian  cosmonaut  on  a 
STS  mission  in  1997,  while  another  pact  with 
India  could  result  in  the  establishment  of  a 
Ukrainian-run  Zenit  launch  facility  in  India.  Zenit 
launchers  have  also  been  selected  for  support 
of  the  ISS,  and  space  welding  techniques 
developed  by  the  Paton  Institute  of  Electric 
Welding  in  Kiev  are  being  considered  by  NASA 
for  future  construction  projects  in  Earth  orbit 
(References  112-118). 

The  principal  centers  of  Urkainian  space 
industry  are  located  in  Dnepropetrovsk,  Kiev, 
and  Kharkov.  Ukraine  hopes  to  finance  many  of 
its  proposed  space  programs  through 
commercial  ventures.  The  requested  national 
space  budget  for  1993  was  36  million  Ukrainian 
Rubles  (Reference  119). 
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1.11  UNITED  KINGDOM 

During  the  1960’s  the  UK  was  an  early  and 
active  participant  in  space  activities,  fielding  its 
first  national  satellite  in  1962  and  conducting  its 
first  (and  only)  space  launch  in  1971.  However, 
for  a  variety  of  reasons,  support  for  space 
programs  in  the  UK  has  waned  steadily  for  the 
past  two  decades,  and  current  funding  is 
concentrated  on  Earth  observation  science  and 
data  processing.  Since  1 986  the  UK  has  ranked 
fourth  in  its  participation  level  within  ESA  and 
was  the  only  ESA  member  to  withhold  support 
for  both  the  Ariane  5  and  the  Hermes 
spaceplane  projects. 

The  British  National  Space  Center  (BNSC) 
was  established  in  1985  as  a  coordinating 
agency  among  government  departments  and 


research  councils  to  help  formulate  and 
manage  national  space  policy.  The  BNSC 
works  directly  with  the  Cabinet  Office,  the 
Ministry  of  Defense,  the  Meteorological  Office, 
the  Department  of  Trade  and  Industry,  the 
Department  of  the  Environment,  the  Foreign 
and  Commonwealth  Office,  and  the  Department 
of  Education  and  Science  to  this  end 
(Figure  1.18).  The  title  UK  Space  Minister  falls 
within  the  portfolio  of  the  Under-Secretary  of 
State  for  Trade  and  Technology,  a  post  which 
changed  hands  twice  during  1993-1994  with  Ian 
Taylor  assuming  the  reigns  in  July,  1994.  The 
Engineering  and  Physical  Sciences  Research 
Council  and  the  Particle  Physics  and  Astronomy 
Research  Council  were  formed  in  1994  from  the 
former  Science  and  Engineering  Research 
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Council.  Likewise,  the  Defense  Research 
Agency's  Space  and  Communications  Depart¬ 
ment  recently  assumed  the  responsibilities  of 
the  Royal  Aerospace  Establishment  and  the 
Royal  Signals  and  Radar  Establishment  for  both 
civilian  and  military  programs  in  the  fields  of 
space  technology,  mission  analysis,  and  remote 
sensing. 

With  a  staff  of  only  approximately  250, 
BNSC  primarily  concentrates  on  advising 
government  agencies  and  coordinating 
approved  programs,  with  emphasis  in  Earth 
observation,  satellite  communications,  tech¬ 
nology  and  transportation,  and  space  science. 
BNSC  specifically  supports  programs  which  will 
“•  help  (Britain)  understand  our  changing 
Earth, 

•  open  up  commercial  and  operational 
systems  for  the  future, 

•  bring  commercial  returns,  and 

•  support  uniquely  valuable  space  science” 
(Reference  120). 

The  founding  Director  General  of  BNSC, 
Arthur  Pryor,  was  replaced  in  May,  1993,  by 
Derek  Davis.  A  reorganization  of  BNSC  was 
completed  the  next  year  when  the  original  four 
directorates  were  expanded  into  six:  Earth 
Observations:  Space  Science;  Technology: 
Industry  and  Exports;  Satellite  Communica¬ 
tions,  Applications,  and  Launchers;  Policy, 
ESA,  and  European  Union;  and  Finance.  As 
indicated  in  Figure  1.18,  four  technical  centers 


are  aligned  with  BNSC,  including  the  recently 
created  Daresbury  and  Rutherford  Appleton 
Laboratory,  which  is  the  principal  UK  organiza¬ 
tion  responsible  for  space  science  programs 
with  ESA  and  bilateral  partners. 

The  most  significant  aerospace  firms  in  the 
UK  have  been  British  Aerospace  and  Matra 
Marconi  Space  UK.  British  Aerospace  Space 
Systems  Ltd.  specialized  in  scientific  space¬ 
craft,  communications,  and  satellite 
subsystems,  while  Matra  Marconi  Space  UK, 
formed  in  1990  along  with  Matra  Marconi  Space 
France  during  the  merger  of  Matra  Espace  and 
Marconi  Space  Systems,  is  a  complete  space 
system  and  ground  station  design  and 
manufacturing  firm.  In  July,  1994,  Matra 
Marconi  Space  acquired  British  Aerospace 
Space  Systems  Ltd.  to  create  Europe's  (then) 
leading  space  company  and  largest  satellite 
manufacturer.  A  relative  newcomer  is  Surrey 
Satellite  Technology  Limited  of  the  University  of 
Surrey  which  has  already  acquired  an 
international  reputation  for  the  manufacture  of 
miniature  (<50  kg)  satellites. 

The  annual  (April  through  March)  civilian 
space  budgets  for  the  UK  were  171.31  million 
Pounds  for  1993-1994  and  180.54  million 
Pounds  for  1994-1995.  Approximately  two- 
thirds  of  this  amount  constitutes  the  UK 
donation  to  ESA.  Figure  1.19  indicates  the 
category  breakdown  for  domestic  and  ESA 
expenditures  for  these  two  fiscal  years. 
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2.0  SPACE  TRANSPORTATION  SYSTEMS  AND  LAUNCH  FACILITIES 


Of  the  176  world-wide  space  launches 
undertaken  during  the  1993-1994  period,  124 
(70.5%)  were  conducted  by  the  European  and 
Asian  space  powers  from  eight  space  centers 
around  the  world  (Figure  2.1).  Each  of  the  five 
major  space-faring  organizations  and  nations 
posted  gains  in  1994  over  the  previous  year’s 
activities  with  the  CIS  accounting  for  78%  of  all 
launches  (Figure  2.2).  Moreover,  the  aggregate 
reliability  of  these  diverse  space  transportation 
systems  was  greater  than  95%,  essentially  the 
same  reliability  demonstrated  by  29  different 
launch  vehicle  models  flown  during  the  first  half 
of  the  1990’s  (Table  2.1). 

With  payload  capacities  ranging  from  150 
kg  to  more  than  21,000  kg,  these  expendable 
launch  vehicles  serve  national  space  support 
needs  as  well  as  provide  commercial  launch 
services  to  the  entire  world.  To  meet  growing 
space  transportation  requirements,  five  new 
launch  vehicles  debuted  during  1993-1994:  two 
from  the  Russian  Federation  and  one  each  from 
ESA,  India  and  the  PRC.  By  the  end  of  the 
decade,  more  than  ten  new  launch  vehicles 


may  be  added  to  this  arsenal  with  capabilities 
for  ground,  sea,  or  air  launches.  Earlier  pre¬ 
dictions  for  a  significant  expansion  in  the  club  of 
space  launching  nations  have  recently  been 
tempered  with  technical,  economic,  and  market 
realities. 

For  the  remainder  of  this  decade,  the  prin¬ 
cipal  Eurasian  entries  into  the  global  commer¬ 
cial  space  transportation  competition  will  be  the 
Russian  Proton,  ESA’s  Ariane,  and  the  Chinese 
Long  March  (CZ)  family  of  launch  vehicles. 
Figure  2.3  indicates  the  levels  of  activity  and 
cumulative  reliability  for  these  systems  during 
the  seven-year  1988-1994  period.  A  summary 
of  Eurasian  liquid  rocket  engine  technology, 
some  of  which  may  find  its  way  into  the  US 
launch  vehicle  industry,  is  found  in  Table  2.2. 
Additional  details  are  provided  in  the  following 
subsections. 

2.1  EUROPEAN  SPACE  AGENCY 

ESA  introduced  the  European-built  Ariane 
iaunch  vehicle  in  1979,  and  by  the  end  of  1994 
the  organization  had  conducted  70  missions. 
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FIGURE  2.1  EURASIAN  SPACE  LAUNCH  SITE  ACTIVITY,  1993-1994. 
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TABLE  2.1  EUROPEAN  AND  ASIAN  SPACE  LAUNCH  VEHICLES,  1990-1994. 


COUNTRY /ORG. 

LAUNCH  VEHICLE 

MISSIONS 

FAILURES 

RELIABILITY  (%) 

CISAJSSR 

KOSMOS-3M 

40 

1 

97.5 

MOLNIYA-M 

36 

1 

97.2 

PROTON-K  (3) 

2 

0 

100 

PROTON-K  (4) 

45 

2 

95.6 

ROKOT 

1 

0 

100 

SOYUZ-UAJ2 

112 

3 

97.3 

START-1 

1 

0 

100 

TSYKLON-2 

10 

0 

100 

TSYKLON-3 

32 

1 

96.9 

VOSTOK* 

1 

0 

100 

ZENIT-2 

12 

3 

75 

TOTAL 

292 

1  1 

96.2 

ESA 

ARIANE-40 

3 

0 

100 

ARIANE-42P 

7 

1 

85.7 

ARIANE-42L 

2 

0 

100 

ARIANE-44P 

2 

0 

100 

ARIANE-44L 

14 

1 

92.9 

ARIANE-44LP 

8 

1 

87.5 

TOTAL 

36 

3 

91.7 

JAPAN 

H-l* 

4 

0 

100 

H-ll 

2 

0 

100 

M-3SII 

3 

0 

100 

TOTAL 

9 

0 

100 

INDIA 

ASLV 

2 

1 

50 

PLSV 

2 

1 

50 

TOTAL 

4 

2 

50 

ISRAEL 

SHAVIT 

1 

0 

100 

TOTAL 

1 

0 

100 

PRC 

CZ-2C 

3 

0 

100 

CZ-2D 

2 

0 

100 

CZ-2E 

4 

1 

75 

CZ-3 

4 

1 

75 

CZ-3A 

2 

0 

100 

CZ-4 

1 

0 

100 

TOTAL 

1  6 

2 

87.5 

Failure:  Launch  vehicle  did  not  deliver  payload  to  the  intended  orbit  and  release  properly 
*  :  No  longer  in  use 
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almost  all  for  purely  commercial  purposes,  with 
an  overall  success  record  of  90.0%  (Figure  2.4). 
The  original  Ariane  1  vehicle  was  joined  in  1984 
by  Ariane  2/3  and  in  1988  by  Ariane  4.  Since 
1989  all  ESA  orbital  flights  have  used  a  variant 
of  the  Ariane  4  booster.  In  42  launches  Ariane 
4  suffered  three  failures  for  a  92.9%  reliability 
mark,  but  two  of  these  losses  occurred  in  1994. 
The  substantially  larger  Ariane  5  launch  vehicle 
is  scheduled  to  debut  in  early  1996. 

The  basic  Ariane  4,  also  known  as  the 
Ariane  40  variant,  is  a  three-stage,  liquid  pro¬ 
pellant  booster  with  a  1.9-metric-ton  payload 
capacity  to  a  7°-inclined  GTO  or  2.7  metric  tons 
to  an  800-km,  sun-synchronous  orbit.  The  first 
stage  (L220)  is  powered  by  four  Viking  5C 
engines  burning  nitrogen  tetroxide  and  a  com¬ 
bination  of  UDMH  plus  hydrazine  hydrate  called 


UH25.  The  second  stage  (L33)  employs  the 
same  propellants  with  a  single,  higher  thrust 
Viking  4B  engine.  The  third  stage  (H10  or  H10 
Plus)  burns  liquid  oxygen  and  liquid  hydrogen 
through  an  HM-7B  engine  (References  1-4). 

The  Ariane  4  program  is  managed  and 
launch  services  are  marketed  by  Arianespace, 
while  the  French  space  agency  CNES  is 
responsible  for  overall  design  and  serves  as 
general  contractor.  The  primary  industrial  agent 
and  integration  contractor  for  stages  one  and 
three  is  Aerospatiale.  Germany’s  DASA  is  the 
prime  contractor  for  stage  2.  Main  engines  are 
provided  by  SEP.  In  all,  more  than  three  dozen 
European  companies  provide  significant  ser¬ 
vices  in  the  design,  manufacture,  and  operation 
of  the  Ariane  4. 
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FIGURE  2.3  CUMULATIVE  RELIABILITY  OF  COMMERCIAL  LAUNCH  VEHICLES. 
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TABLE  2.2  MAJOR  LIQUID-PROPELLANT  LAUNCH  VEHICLE  MAIN  ENGINES  (continued). 
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LH:  Liquid  Hydrogen  NTO:  Nitrogen  Tetroxide  si:  sea  level 

LOX:  Liquid  Oxygen  UDMH:  Unsymmetrical  Dimethylhydrazine  vac:  vacuum 

NA:  Nitric  Acid 


The  Ariane  40  variant  has  actually  only 
flown  three  times  to  place  payloads  Into  low 
altitude,  sun-synchronous  orbits  (1990,  1991 
and  1993).  Since  the  principal  mission  of  Ariane 
4  is  to  insert  commercial  satellites  into  GTO, 
five  other  booster  variants  are  available 
depending  upon  the  mass  of  the  payload  and 
whether  one  or  two  main  satellites  are  to  be 
carried.  The  five  variants  are  distinguished  by 
the  number  and  type  (liquid  propellant  or  solid 
propellant)  of  the  small  boosters  attached  to  the 
first  stage.  The  original  GTO  payload  capacity 
ranged  from  2.6  metric  tons  for  two  solid 
boosters  (PAP,  Propulseur  d’Appoint  Poudre)  to 
4.2  metric  tons  for  four  liquid  boosters  (PAL, 
Propulseur  d’Appoint  Liquide)  (Figure  2.5).  The 
most  widely  used  variant  is  the  most  powerful 
Ariane  44L,  and  by  the  end  of  1993  all  the 
variants  had  flown  at  least  once.  During  the 
1990’s  upgrades  (lengthening  of  the  third  stage 
and  a  new  propellant  management  technique) 
increased  the  lifting  power  of  Ariane  4,  bringing 
the  Ariane  44L  capacity  up  to  4.7  metric  tons 
(References  5-7).  The  major  contractor  for  the 
PAL,  which  employs  the  same  propellants  as 
the  first  two  stages  and  a  Viking  6  engine,  is 
DASA/ERNO,  whereas  SNIA/BPD  is  in  charge 
of  the  PAP. 

To  permit  the  launching  of  two  large,  inde¬ 
pendent  spacecraft  on  a  single  booster,  one 
satellite  is  encased  in  a  special  housing  SYLDA 
or  SPELDA  (Systems  de  Lancement  Double 
Ariane  or  Structure  Porteuse  pour  Lancements 


Double  Ariane),  while  the  second  satellite  is 
mounted  on  top  of  the  housing.  Both  the  hous¬ 
ing  and  the  upper  satellite  are  then  covered  by 
the  payload  shroud  which  is  jettisoned  at  an 
altitude  of  about  115  km.  Once  the  Ariane  third 
stage  reaches  GTO,  the  upper  satellite  is 
released,  followed  by  separation  of  the  top  por¬ 
tion  of  the  SYLDA  or  SPELDA  and  release  of 
the  second  satellite.  Injection  into  GEO  is  the 
responsibility  of  the  individual  satellites.  For  the 
infrequent  LEO  missions,  a  multiple  payload 
platform  called  ASAP  (Ariane  Structure  for 
Auxiliary  Payloads)  can  carry  up  to  six  small 
(less  than  50  kg)  piggyback  satellites  without 
interfering  with  the  primary  payload. 

A  total  of  15  Ariane  launches  were 
conducted  during  1993-1994  (the  same  as  the 
1991-1992  period)  carrying  31  individual  space¬ 
craft,  only  one  of  which  was  sponsored  by  ESA 
(Section  8).  Unfortunately,  the  flights  of 
missions  63  and  70  (January  and  December 
1994)  both  failed  to  reach  Earth  orbit  due  to 
malfunctions  in  the  cryogenic  third  stage.  An 
accident  investigation  for  flight  63  found  the 
principal  cause  of  failure  to  be  overheating  of 
the  LOX  turbopump  bearing,  which  had  already 
been  identified  as  a  deficiency  and  was 
scheduled  for  correction  by  flight  70 
(References  8-10).  By  April,  1994,  a  redesigned 
third  stage  engine  was  delivered  to  Aero¬ 
spatiale,  and  flight  operations  resumed  in  June. 
However,  after  six  successful  Ariane  flights  in 
as  many  months,  flight  70  failed  to  reach  Earth 
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orbit  when  the  flow  of  oxygen  to  the  gas  genera¬ 
tor  was  restricted,  leading  to  a  significant  loss  of 
thrust  and  eventual  burn  termination  by  an  on¬ 
board  computer  (References  11-14). 

One  of  the  side-effects  of  the  two  1994 
failures  was  a  streamlining  of  launch  pre¬ 
paration  tasks  which  reduced  the  launch  cycle 
time  from  four  weeks  to  only  three  weeks.  The 
backlog  of  Ariane  missions  and  high  traffic 
demand  are  likely  to  combine  for  a  record 
number  of  launches  during  the  1995-1997 
period,  barring  further  mishaps.  Ariane  4  is 
scheduled  to  be  phased  out  by  1 998-1 999  after 
more  than  100  missions. 

In  early  1996  the  long-awaited  Ariane  5 
launch  vehicle  will  begin  flight  operations  in  an 
effort  to  accommodate  larger  GEO  spacecraft 
as  well  as  to  permit  the  launch  of  large  man- 
related  spacecraft  into  LEO.  Ariane  5  will  be 
somewhat  shorter  but  much  broader  than  its 
predecessor  (Figure  2.6).  The  basic  launch 
vehicle  consists  of  a  large,  liquid-propellant 
central  stage  surrounded  by  two  large,  solid 
propellant  boosters.  The  central  stage  (HI 55) 


will  be  powered  by  a  single  Vulcain  engine 
developed  by  SEP  and  burning  liquid  oxygen/ 
liquid  hydrogen.  The  booster  stages  (P230)  are 
analogous  to  the  boosters  used  by  the  US  STS 
and  are  designed  to  be  recovered  from  the 
Atlantic  Ocean  and  refurbished.  This  config¬ 
uration  was  sized  to  place  the  now-cancelled 
22-metric-ton  Hermes  spaceplane  into  a  low 
altitude  transfer  orbit;  100  km  by  460  km,  28.5° 
inclination  (References  2, 15-22). 

For  GTO  or  other  LEO  missions,  a  small 
upper  stage  (L9,  formerly  L7)  burning  nitrogen 
tetroxide  and  monomethylhydrazine  through  a 
single  Aestus  engine  will  be  employed. 
Payload  capacity  for  this  type  of  mission  varies 
from  5.1  to  6.8  metric  tons  depending  upon  the 
number  of  payioads  carried.  Multiple  payload 
housing  systems  called  SPELTRA  (Structure 
Porteuse  Externe  de  Lancements  Triples 
Ariane)  can  accommodate  two  or  three  major 
satellites  (References  23-24).  The  L9  stage  was 
also  designed  to  place  the  unmanned 
Columbus  module  into  LEO. 

The  principal  contractors  for  Ariane  5  are 
Aerospatiale  (central  stage),  SEP  (Vulcain 
engine).  Europropulsion  and  Aerospatiale 
(booster  stage  and  engine),  and  DASA/ERNO 
(upper  stage).  The  first  hot  test  of  a  reinforced 
P230  solid  booster  took  place  on  16  February 
1 993,  followed  by  a  flight-design  booster  test  on 
25  June  1993.  Difficulties  with  the  Vulcain 
engine  were  resolved  in  1993-1994,  and  the 
first  phase  of  the  development  program  was 
completed  in  late  1994  (References  25-27). 
Under  an  ESA  contract  the  Russian  Scientific 
Research  Institute  for  Parachute  Making  is 
designing  an  improved  booster  stage  recovery 
system  which  could  replace  the  original  ESA 
system  (References  28-30). 

After  years  of  testing  the  Vulcain  engine 
(since  1990),  an  Ariane  5  first  stage  non-flight 
“battleship”  (reinforced)  configuration  was  fired 
for  the  first  time  on  a  pad  at  the  Kourou  space 
launch  facility  on  17  November  1994.  Although 
several  months  late,  this  program  milestone 
demonstrated  many  key  features  of  the  critical 
Kourou  infrastructure  necessary  for  Ariane  5 
missions.  Meanwhile,  the  development  phase  of 
the  L9  upper  stage  was  completed,  and 
Switzerland’s  Oerlikon-Contraves  Space  tested 
the  large  Ariane  launch  shroud,  both  in  late 
1994  (References  31-34). 

Current  estimates  for  Ariane  5  flight  rates 
range  from  5-10  per  year  with  some  payloads 


38 


already  tentatively  manifested  as  late  as  2007 
(e.g.,  SPOT  5B).  As  many  as  64  Ariane  5 
vehicles  will  be  built  by  the  year  2010,  and 
French  officials  have  informally  offered  to 
license  Ariane  5  technology  to  the  US  to  meet 
heavy-lift  requirements.  Several  concepts  for 
improved  and  larger  capacity  Ariane  5  variants 
could  keep  the  basic  space  transportation 
system  operational  for  decades.  However, 
enthusiasm  within  ESA  for  a  massive  upgrade 
program  for  Ariane,  after  an  initial  investment  of 
nearly  $7  billion  and  concerns  about  launch 
costs,  is  not  high  (References  35-41). 

Specific  Ariane  5  enhancements,  including 
an  improved  Vulcain  main  engine  and  a  change 
in  the  ratio  and  mass  of  the  propellants, 
represent  a  near-term  improvement  which  could 
increase  the  booster  payload  capacity  to  LEO 
by  two  metric  tons.  By  combining  the  new  main 
engine  with  two  additional  strap-on  boosters, 
the  LEO  capacity  could  be  increased  by  more 
than  seven  metric  tons.  This  concept  would 
employ  two  PI  30  boosters  which  are  shortened 
versions  of  the  standard  P230  boosters  and 
which  would  be  ignited  at  altitude  to  avoid  costly 
pad  modifications.  Another  option  includes  re¬ 
placing  the  small  L9  upper  stage  with  a  more 
capable  unit,  e.g.,  the  L15.  To  effect  a  much 
greater  lift  capability,  preliminary  designs 
envision  a  significant  increase  in  the  size  of  the 
central  stage  which  would  be  equipped  with  five 
improved  Vulcain  engines  and  would  be 
surrounded  by  four  P230  boosters 
(References  42-45). 

At  the  other  end  of  the  spectrum,  ESA  is 
evaluating  the  need  for  smaller  launch  vehicles 
which  would  be  derived  from  Ariane  5 
components.  ESA’s  Future  European  Space 
Transportation  Investigations  Program 
(FESTIP)  was  approved  in  February  1994  for 
the  period  1994-1996  with  eight  ESA  member 
states  participating.  One  concept  envisions  a 
launch  vehicle  employing  a  P230  booster  as  the 
main  stage  with  a  small  solid-propellant  second 
stage  to  place  5-metric-ton  payloads  into/LEO. 
Two  other  designs,  ALD-P  and  ALD-S  (Ariane 
Light  Derivative  -  Polar  and  -  Sunsynchronous), 
would  be  capable  of  launching  payloads  of  up  to 
1  or  4  metric  tons,  respectively  (Figure  2.7).  A 
firm  decision  to  develop  a  small  launch  vehicle 
or  not  is  expected  by  1996  (References  46-49). 

FESTIP  is  also  continuing  ESA’s  Reusable 
Rocket  Launcher  (RRL)  studies  aimed  at 
applying  Ariane  5  technologies  to  partially  or 


completely  reusable  space  transportation  sys¬ 
tems  (References  50-51).  Designs  employing 
Russian  rocket  engines  (e.g.,  RD-170)  or 
airborne  launch  platforms  (e.g.,  An-225)  are 
under  consideration  as  are  new  ramjet  and 
scramjet  technologies  (Figure  2.8). 

ESA’s  once  high-priority  Hermes 
spaceplane  program  was  officially  canceled  in 


FIGURE  2.7  ARIANE  LIGHT  DERIVATIVE 
(POLAR)  DESIGN. 
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FIGURE  2.8  ARIANE  REUSABLE  ROCKET 
LAUNCHER  CONCEPT. 

1993  after  it  had  been  severely  curtailed  to  an 
ESA-Russian  technology  development 
program  the  previous  year  (References  52-57). 
Two  other  proposed  man-related  space 
transportation  programs,  the  Crew  Transport 
Vehicle  and  the  Automated  Transfer  Vehicle, 
are  described  in  Section  3.1  of  this  report. 

All  Ariane  launches  are  conducted  at  ESA 
facilities  located  on  the  French  Centre  Spatial 
Guyanais  grounds  in  Kourou,  French  Guiana. 
Kourou  was  the  site  of  eight  launches  of  the 
French  Diamant  B/BP  boosters  during  1970- 
1975  before  the  maiden  flight  of  Ariane  1  in 
1979.  Currently,  only  one  launch  pad,  ELA-2,  is 
operational  for  all  Ariane  4  missions.  Another 
pad,  ELA-3,  is  nearing  completion  for  the  larger 
Ariane  5.  Both  pads  are  designed  for  rapid  re¬ 
furbishment  in  case  of  a  major  launch  vehicle 
accident.  Launches  are  conducted  essentially 
eastward  for  GTO  missions  and  to  the  northeast 
or  northwest  for  LEO  posigrade  and  retrograde 
orbits,  respectively. 


In  1993  a  major  multi-year  renovation 
project  was  undertaken  in  Kourou  to  support  not 
only  the  forthcoming  Ariane  5  but  also  the  con¬ 
tinuing  Ariane  4  missions.  By  the  end  of  1994 
nearly  all  Ariane  5  support  facilities  were 
finished  or  nearing  completion,  and  the  first  on- 
pad  tests  of  the  Ariane  5  main  stage  had  been 
achieved.  In  addition,  improvements  to  radar, 
telemetry,  telecommunications,  and  opera¬ 
tional  facilities  were  underway.  Also  in  1994 
Aerospatiale  and  Russia’s  Khrunichev  State 
Space  Research  and  Production  Center 
discussed  the  feasibility  of  building  launch 
facilities  for  the  Proton-M  at  Kourou 
(References  57-60). 

2.2  GERMANY 

Following  the  lead  of  France  with  its 
Hermes  spaceplace,  Germany  and  the  major 
German  aerospace  industries  are  investing  con¬ 
siderable  resources  in  the  preliminary  design 
and  technology  development  of  an  advanced 
transportation  system  with  hopes  that  ESA  will 
adopt  the  program  for  full-scale  development 
and  operation.  Named  in  honor  of  the  German 
engineer  whose  pioneering  work  in  the  first  half 
of  the  20th  century  fostered  the  present-day 
concept,  DASA’s  Sanger  project  is  based  on  a 
two-stage,  fully  reusable  aerospace  plane 
which  would  take  off  and  land  horizontally  like 
conventional  aircraft  (Figure  2.9). 

The  first  stage  is  a  large  (>80  m  long,  >40  m 
wing-span),  unmanned  hypersonic  aircraft 
powered  by  hybrid,  air-breathing  turbo-ramjets 
to  carry  a  smaller  Hypersonic  Orbital  Reusable 
Upper  Stage  (HORUS)  to  an  altitude  of  approx- 


FIGURE  2.9  SANGER  REUSABLE  SPACE  TRANSPORTATION  SYSTEM. 
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imately  40  km.  HORUS  would  then  separate  at 
a  speed  of  more  than  Mach  6  and  ignite  con¬ 
ventional  liquid  oxygen/liquid  hydrogen  engines 
to  reach  LEO.  With  a  4-man  crew,  HORUS 
would  be  capable  of  delivering  up  to  three  me¬ 
tric  tons  to  a  baseline  450-km,  28.5°-inclination 
orbit.  An  unmanned  version  of  HORUS, 
HORUS-C,  could  deliver  up  to  seven  metric 
tons  of  cargo  and  return  a  like  amount  to  Earth. 

Currently  sponsored  by  the  Federal  Ministry 
of  Research  and  Technology  under  Phase  1  of 
the  German  Hypersonics  Technology  Program 
(HTP)  begun  in  1988  and  extended  to  1995, 
Sanger  requires  international  cooperation  to 
move  into  Phase  2  which  would  develop  a 
hypersonic  flight  demonstrator  by  about  the 
year  2000.  However,  in  1994  Germany  joined 
ESA’s  FESTIP  where  it  hopes  to  continue  its 
hypersonics  technology  research. 

Meanwhile,  Germany  is  continuing  state-of- 
the-art  technoiogy  development  of  turbo-ramjet 
engines  and  is  designing  semi-reusable,  single- 
stage-to-orbit  (SSTO)  space  transportation  sys¬ 
tems.  The  iatter  is  represented  by  the  ADLER 
concept  with  a  60  metric  ton  payload  capacity  to 
a  450-km,  low-inclination  Earth  orbit.  ADLER’s 
Reusable  Acceleration  and  Avionics  Module 
(RAAM)  may  be  powered  by  either  nine 
Russian  RD-0120  or  nine  US  SSME  cryogenic 
engines  (References  61-67). 


In  the  near-term  Germany  is  working  with 
the  Russian  Federation  to  develop  two  commer¬ 
cial,  low  capacity  launch  vehicles.  In  1994 
DARA  funded  feasibility  studies  for  the 
proposed  air-launched  (from  a  Tu-160  aircraft) 
Burlak  booster  with  a  maximum  payload 
capacity  of  1 ,100  kg  (Reference  68).  Likewise, 
DASA  was  evaluating  the  commercial  potential 
of  the  Russian  Rokot  launch  vehicle  (up  to 
2,000  kg  capacity),  which  conducted  its  first 
orbital  mission  in  December  1994  (see 
Section  2.9  for  additional  specifications  of  the 
Burlak  and  Rokot  launch  vehicles). 

2.3  INDIA 

Following  on  the  heels  of  the  first 
successful  launch  of  its  Augmented  Satellite 
Launch  Vehicle  (ASLV)  in  1992,  India  tested  the 
more  capable  Polar  Satellite  Launch  Vehicle 
(PSLV)  during  1993-1994,  achieving  success 
on  the  second  attempt.  Coupled  with  another 
ASLV  mission  in  1994,  India’s  three  launch 
attempts  in  the  two-year  period  represented  its 
most  active  campaign  since  its  indigenous 
space  program  began  in  1979  (Figure  2.10). 
Meanwhile,  the  development  of  India’s 
substantially  larger  Geosynchronous  Satellite 
Launch  Vehicle  (GSLV)  continues  toward  a 
projected  maiden  flight  later  in  this  decade. 
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The  original  Indian  SLV-S  launch  vehicle 
was  a  four-stage,  solid-propellant  booster  with  a 
LEO  payload  capacity  of  less  than  50  kg  into  an 
orbit  with  a  mean  altitude  of  600  km  at  an 
inclination  of  47°.  Following  an  initial  failure,  the 
SLV-3  successfully  orbited  three  Rohini 
Satellites  in  1980,  1981,  and  1983,  respectively 
(Reference  69).  The  ASLV  was  created  by 
adding  two  additional  boosters  modified  from 
the  SLV-3’s  first  stage  and  by  making  other 
general  improvements  to  the  basic  SLV-3  4- 
stage  stack  (Figure  2.1 1).  The  ASLV  is  actually 
a  five-stage  vehicle  since  the  core  first  stage 
does  not  ignite  until  just  before  the  booster 
rockets  burn  out.  The  payload  capacity  of  the 
ASLV  is  approximately  150  kg  to  an  orbit  of  400 
km  with  a  47°  inclination  (Reference  70). 

The  first  launch  of  the  ASLV  on  24  March 

1 987  failed  when  the  bottom  stage  of  the  core 
vehicle  did  not  ignite  after  booster  burn-out. 
The  second  attempt  ended  with  the  Rohini 
payload  falling  into  the  Bay  of  Bengal  on  13  July 

1988  when  the  vehicle  became  unstable  and 
broke  up  soon  after  release  of  the  booster 
rockets.  Finally,  on  20  May  1 992  the  SROSS  3 
(Stretched  Rohini  Satellite  Series)  was  inserted 
into  LEO  by  the  third  ASLV.  However,  instead 
of  obtaining  a  circular  orbit  near  400  km,  the 
ASLV  only  achieved  a  short-lived  orbit  of  256 
km  by  435  km,  not  unlike  the  degraded 
performance  of  the  SLV-3  launch  of  31  May 
1981  (Reference  71). 

The  fourth  ASLV  mission  in  May,  1994 
successfully  reached  its  programmed  orbit  of 
434  km  by  921  km  with  the  SROSS  02  payload. 
The  vehicle  is  likely  to  be  phased  out  shortly  in 
favor  of  the  PSLV  and  due  to  a  desire  to  deploy 
larger,  more  complex  spacecraft  than  can  be 
lifted  by  the  ASLV. 

The  PSLV  was  developed  to  permit  India  to 
launch  its  own  IRS-class  satellites  into  sun- 
synchronous  orbits,  a  service  until  recently  pro¬ 
cured  commercially  via  the  USSR/CIS.  The 
design  orbital  capacity  for  the  PSLV  is  one 
metric  ton  into  a  900  km,  99°  inclination  orbit. 
This  significant  increase  in  lift  is  achieved  using 
a  5-stage  design  similar  to  the  ASLV;  a  4-stage 
core  vehicle  surrounded  by  six  strap-on 
boosters  of  the  type  developed  for  the  ASLV.  At 
lift-off  only  two  of  the  strap-ons  and  the  bottom 
stage  of  the  core  vehicle  are  ignited.  The  other 
four  boosters  are  fired  at  an  altitude  of  3  km. 

The  core  vehicle  possesses  an  unusual 
design  consisting  of  two  solid-propellant  stages 


(1  and  3)  and  two  liquid,  hypergoiic  stages 
(2  and  4).  The  first  stage  also  carries  two  cylin¬ 
drical  tanks  which  are  part  of  the  Secondary 
Injection  Thrust  Vector  Control  System 
(STIVC).  The  large  liquid  engine  of  the  second 
stage  is  designated  Vikas  and  is  essentialiy  an 
Indian-manufactured  Viking  engine  used  by 
ESA’s  Ariane.  During  1992  all  four  stages  were 
certified  for  flight  in  1 993,  and  full  vehicle  inte¬ 
gration  tests  were  performed  (References  70 
and  72). 

After  some  delays  the  maiden  fiight  of  the 
PSLV  with  the  IRS-1  E  Earth  observation 
spacecraft  occurred  on  20  September  1993. 
Although  all  strap-ons  and  main  engines 
performed  as  expected,  an  attitude  control 
problem  arose  after  separation  of  the  second 
and  third  stages.  Consequentiy,  the  vehicle  and 
its  payload  failed  to  reach  Earth  orbit.  A  little 
more  than  a  year  later,  on  15  October  1 994,  the 
IRS-P2  spacecraft  was  inserted  into  the 
prescribed  sun-synchronous  orbit  by  PSLV 
no.  2.  Almost  immediately  afterwards,  Indian 
officials  announced  plans  for  the  manufacture  of 
three  additional  PSLVs  and  initial  construction 
for  three  more.  Commercial  space  transporta¬ 
tion  services  could  be  available  by  1996 
(References  73-80). 

In  the  1980’s  India  began  designing  the 
GSLV  with  an  objective  of  placing  2.5  metric  ton 
payloads  into  GTO.  Drawing  heavily  on  the 
PSLV,  early  concepts  for  the  GSLV  would 
borrow  the  six  strap-on  boosters  and  first  two 
stages  of  the  PSLV’s  core  vehicle.  A  later 
design  suggested  replacing  the  solid  strap-on 
boosters  with  four  liquid  units  similar  to  the 
second  stage  of  the  core  vehicle.  The  third 
stage  was  to  incorporate  an  indigenous  liquid 
oxygen/liquid  hydrogen  engine  with  a  thrust  of 
approximately  12  metric  tons.  Component 
development  for  this  engine  was  already 
underway  in  the  late  1980’s,  and  subscale 
development  was  still  on-going  in  1992 
(References  70,  81 ,  and  82). 

However,  in  an  attempt  to  maintain  the 
GSLV  development  schedule  which  now  calls 
for  a  first  flight  as  early  as  1997,  India  in  1992 
contracted  with  Russia  to  buy  a  liquid  oxygen/ 
liquid  hydrogen  engine  (KVD-1/KVD-7.5) 
developed  in  the  1970’s  for  the  heavy-lift  N-1 
launch  vehicle.  The  plan,  which  had  been  in 
negotiations  since  1988  came  under  fire  from 
the  US  which  considered  the  transfer  of  such 
technology  a  violation  of  the  Missile  Technology 


42 


SATELLITE - 

SATELUTE  SEPARATION  SYSTEM 

SRN  UP  SYSTEM — 

S4  MOTOR - 


HEAT  SHIELD 


IS  3/4 U 


S3  SEPARATION  SYSTEM 


S3  DESTRUCTION  SYSTEM  ■ 
S3  MOTOR - 


S2  DESTRUCTION  SYSTEM 
S2  MOTOR - 


SAUENT  FEATURES 

PAY  LOAD 

:  150  KG  IN  400  KM  CIRCULAR  ORBIT 

LIFT-OFF  WEIGHT:  39  TONNES 

HEIGHT 

:  23.5  METRES 

MAX.  DIA 

:  1.00  METRE 

FIGURE  2.1 1  ASLV  LAUNCH  VEHICLE  COMPONENTS. 
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FIGURE  2.12  PSLV  LAUNCH  VEHICLE 
COMPONENTS. 


Control  Regime.  Eventually,  a  compromise  was 
reached  which  allowed  the  Russian  Federation 
to  supply  a  limited  number  of  engines  to  India 
(seven)  without  the  transfer  of  critical 
technologies.  The  first  engine  is  scheduled  to 
be  delivered  in  1996  for  the  inaugural  GSLV 
mission  in  late  1997  or  early  1998.  Test  firings 
of  lower  stage  GSLV  motors  were  underway  in 
1 994  (References  83-96). 

In  October,  1992,  India  conducted  sub¬ 
orbital  tests  of  model  air-breathing  rocket 
engines  mounted  on  small  conventional  launch 
vehicles.  The  development  program  was 
initiated  in  the  late  1980’s  and  is  said  to  be 
applicable  to  the  creation  of  future  hypersonic 
boosters.  Although  few  details  have  been 
released,  both  flights  were  described  as 
successful  (References  97  and  98). 


All  Indian  space  launches  are  conducted 
from  the  Sriharikota  High  Altitude  Range 
(SHAR)  on  Sriharikota  Island  off  the  east  coast 
of  India  in  the  Bay  of  Bengal.  The  original  SLV-3 
launch  complex  was  converted  to  support  the 
ASLV.  Two  new  complexes  with  one  pad  each 
to  the  south  were  selected  to  support  the  PSLV 
and  GSLV.  The  Vikran  Sarabhai  Space  Center 
at  the  southern  tip  of  India  is  the  site  of  most 
launch  vehicle  stage  development. 

2.4  ISRAEL 

Israel’s  Shavit  (Comet)  launch  vehicle  has 
flown  only  twice  -  19  September  1988  and  3 
April  1990  -  to  place  the  Ofeq  1  and  Ofeq  2 
engineering  technology  satellites  into  LEO.  The 
third  flight  of  Shavit  was  postponed  in  early 
1994  until  1995,  in  part,  due  to  budgetary  con¬ 
straints.  Shavit  is  a  small,  3-stage,  solid- 
propellant  booster  based  on  the  2-stage 
Jericho  2  ballistic  missile  and  developed  under 
the  general  management  of  Israeli  Aircraft 
Industries  and  in  particular  its  MBT  Systems 
and  Space  Technology  subsidiary.  Israel 
Military  Industries  produces  the  first  and  second 
stage  motors,  while  Rafael  is  responsible  for  the 
third  stage  motor  (Figure  2.13).  The 
demonstrated  payload  capacity  is  160  kg  into 
an  elliptical  orbit  of  207  km  by  1 ,587  km  with  a 
highly  retrograde  inclination  of  143.2°.  Shavit 
was  proposed  to  launch  an  American  commer¬ 
cial  recoverable  spacecraft  (COMET)  which 
would  have  required  a  payload  of  800  kg  or 
more  inserted  into  a  low  altitude  orbit 
(References  99-101). 

The  upper  stage  of  the  Shavit  is  designated 
AUS-51  (Advanced  Upper  Stage)  and  since 
September,  1992,  has  been  offered 
commercially  under  a  cooperative  venture  by 
the  Israeli  firm  Rafael,  which  developed  and 
manufactures  the  AUS-51 ,  and  the  American 
Atlantic  Research  Corporation.  A  much  more 
capable  upper  stage  is  under  development  by 
Israeli  Aircraft  Industries  for  much  larger  launch 
vehicles  with  a  GEO  objective.  Called  the 
Cryogenic  Transfer  Module  (CTM),  the  stage 
burns  liquid  oxygen  and  liquid  hydrogen  to 
produce  a  thrust  of  approximately  one  metric 
ton.  CTM  is  designed  to  lift  a  2.1  metric  ton 
satellite  from  a  200  km,  28°  parking  orbit  to 
GEO  and  was  scheduled  to  be  ready  for  flight 
by  the  end  of  1992  but  was  still  awaiting  a 
mission  as  1994  came  to  a  close  (References 
102  and  103). 
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FIGURE  2.13  SHAVIT  LAUNCH  VEHICLE. 

In  1993-1994  Israel  proposed  the 
development  of  an  improved  Shavit  launcher 
called  Next,  which  would  be  available  to  the 
international  commercial  market.  The  standard 
3-stage  Next  launch  vehicle  would  differ  little 
from  Shavit  and  could  deliver  up  to  400  kg 
payloads  to  polar  orbits  from  launch  sites 
outside  Israel.  A  4-stage  variant  of  Next  is 
envisioned  with  extended  first  and  second 
stages  and  a  new  liquid  propellant  fourth  stage 
equipped  with  a  GPS  receiver  for  greater  orbital 
insertion  accuracy  (References  104-106). 

Shavit  boosters  are  launched  from  an 
undisclosed  site  near  the  Palmachim  Air  Force 
Base  on  the  coast  of  Israel  south  of  Tel  Aviv. 
The  facility  is  also  sometimes  referred  to  as 
Yavne.  To  prevent  overflight  of  foreign  territory, 
Shavits  have  been  launched  on  a  northwest 
trajectory  over  the  Mediterranean  Sea,  passing 
over  the  Straits  of  Gibraltar  at  the  west  end  of 
the  Mediterranean.  This  procedure  significantly 
reduces  the  payload  capacity  of  the  launch 
vehicle  and  severely  limits  potential  operational 
orbits. 


2.5  ITALY 

Although  nine  space  launches  were 
conducted  by  Italy  during  1967-1988,  all 
employed  variants  of  the  US-built  Scout  booster 
to  orbit  small  scientific  satellites  prepared  by 
Italy,  the  UK,  or  the  US.  The  vehicles  are 
completed  in  the  US  prior  to  shipping  to  the 
Italian  launch  facility  for  final  testing  and  launch. 
However,  this  arrangement  has  provided  Italy 
with  valuable  launch  operations  experience. 

The  Italian  firm  BPD  Difesa  E  Spazio  is  the 
prime  contractor  for  the  Ariane  4  solid- 
propellant  strap-on  boosters  and  is  a  principal 
developer  of  the  larger  Ariane  5  solid-propellant 
booster.  Meanwhile,  Alenia  Spazio  in 
cooperation  with  BPD  has  developed  the  solid- 
propellant  Italian  Research  Interim  Stage  (IRIS) 
for  use  by  a  variety  of  international  launch 
vehicles.  Its  first  mission  was  the  successful 
transfer  of  Italy’s  LAGEOS  2  satellite  from  a  US 
Space  Shuttle  to  a  high  altitude  operational  orbit 
in  October,  1 992. 

Italy’s  desire  to  acquire  a  more  capable  and 
more  independent  space  launch  capability  ran 
into  trouble  in  1992  when  competing  designs 
from  the  Italian  Space  Agency  and  the 
University  of  Rome  became  embroiled  in  a  legal 
dispute.  Since  1988  the  Italian  Space  Agency 
has  been  examining  the  possibility  of 
developing  a  Scout  2  launch  vehicle  based  on 
the  first  three  stages  of  the  US  Scout  G-1 .  Italy 
would  add  two  large,  solid-propellant,  strap-on 
boosters  and  possibly  a  new  fourth  stage.  The 
strap-on  boosters  would  be  derived  from  BPD’s 
Ariane  4  boosters.  The  University  of  Rome, 
which  operated  the  Italian  Scout  launch  facility, 
supported  this  program  which  would  increase 
Italy’s  LEO  payload  capacity  to  500  kg. 

However,  in  recent  years  the  Italian  Space 
Agency  has  preferred  a  more  radical  design 
employing  a  greater  degree  of  national  space 
technology  and  less  dependence  on  the  US.  In 
March,  1992,  the  experimental  Zefiro  rocket, 
which  would  serve  as  the  new  launch  vehicle’s 
first  stage  with  two  strap-on  boosters  was  flown 
for  the  first  time  -  albeit  with  mixed  success. 
Unwilling  to  support  two,  essentially  redundant 
Scout  upgrade  programs,  the  Italian  Space 
Agency  began  withholding  development  funds 
from  the  University  of  Rome,  prompting  the 
latter  to  file  suit.  By  early  1 993  funding  for  the 
University  of  Rome’s  Scout  program  had 
resumed,  but  the  dispute  had  not  been 
resolved. 
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Finally,  in  the  second  half  of  1993,  the 
Scout  2  program  was  terminated  after  a  de¬ 
cision  was  made  to  concentrate  on  an  Italian 
design.  Leveraging  off  the  Zefiro  development 
program,  the  new  Vega  launch  vehicle  will  have 
a  700-800  kg  LEO  capacity.  The  3-stage,  solid- 
fuel  booster  will  rely  on  Zefiro  motors  for  the 
first  two  stages  with  IRIS  serving  as  a  third 
stage.  However,  a  reduction  in  government 
funding  has  forced  BPD  Difesa  E  Spazio  to 
underwrite  the  initial  development  work  with  an 
uncertain  maiden  launch  date  (References  107- 
115). 

Although  the  1992  test  launch  of  the  sub¬ 
orbital  Zefiro  was  conducted  from  the  island  of 
Sardinia,  all  Italian  space  launches  to  date  have 
originated  from  the  San  Marco  launch  platform 
off  the  coast  of  Kenya  in  Formosa  Bay.  With  a 
latitude  less  than  three  degrees  from  the 
equator,  San  Marco  offers  nearly  optimum 
payload  capacity  for  satellite  missions  with  low 
inclination.  However,  much  larger  launch 
vehicles  would  be  required  to  support  the  more 
popular  GTO/GEO  missions.  A  second  sea- 
based  platform  near  San  Marco  supports  the 
necessary  launch  control  facilities. 

2.6  JAPAN 

Japan’s  long-awaited  H-ll  launch  vehicle 
debuted  during  1994  and  achieved  two 
complete  successes  on  its  first  two  missions. 


The  National  Space  Development  Agency  of 
Japan’s  (NASDA)  new  medium-lift  launch 
vehicle  will  support  a  variety  of  major  programs 
during  the  next  decade  and  may  become 
Japan’s  first  entry  into  the  international 
commercial  launch  services  market.  Meanwhile, 
Japan’s  Institute  of  Space  and  Astronautical 
Science  neared  the  end  of  its  light-lift  M-3SII 
program  with  yet  another  successful 
commercial  launch  in  1 993.  Nearing  completion 
of  development  and  maiden  flights  are  two  new 
low-capacity  boosters:  the  M-5  and  the  J-l. 
Japan  has  not  lost  a  spacecraft  due  to  a 
domestic  launch  vehicle  or  upper  stage  failure 
since  1980  (Figure  2.14). 

ISAS’s  current  M-3SII  launch  vehicle  has 
been  in  operation  since  1985  and  had 
performed  flawlessly  on  all  seven  missions  by 
the  end  of  1 994.  The  booster  is  a  descendant  of 
the  M-4S  first  flown  in  1970.  The  only  flight 
during  1993-1994  occurred  on  20  February 
1 993  when  the  420-kg  Astro-D  (aka  Asuka)  X- 
ray  observatory  was  inserted  into  an  orbit  of  538 
km  by  647  km  with  an  inclination  of  31 .1°.  The 
maximum  lift  capacity  for  the  M-3SII  is 
approximately  800  kg  into  a  250  km  circular,  31° 
orbit  (References  116  and  117). 

The  M-3SII  is  a  3-stage,  all  solid-propellant 
launch  vehicle  with  two  strap-on  boosters  and  a 
family  of  optional  fourth  stages  which  are  tailor- 
made  for  specific  mission  profiles  (Figure  2.15). 
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*  Failures  in  1979  and  1980  due  to  malfunction  of  foreign-supplied  upper  stage. 
FIGURE  2.14  JAPANESE  LAUNCH  VEHICLE  FLIGHT  RECORD. 


46 


All  four  stages  as  well  as  the  strap-on  boosters 
are  manufactured  by  the  Nissan  Motor 
Company.  In  addition  to  LEO  missions,  the  M- 
3SII  has  placed  spacecraft  on  Earth  escape 
trajectories  (Sakigake  and  Suisei  in  1 985)  and 
into  extremely  high  altitude  orbits  with  apogees 
beyond  lunar  distances  (Muses-A  in  1990).  The 
final  flight  of  the  M-3SII  was  scheduled  to  take 
place  in  early  1995  in  support  of  the  German- 
Japanese-Russian  microgravity  recoverable 
satellite  program,  EXPRESS  (Section  4.4.3). 

The  inaugural  flight  of  the  new  M-5,  a  3- 
stage,  solid-propellant  system  capable  of  lifting 
1.8  metric  tons  into  a  LEO  of  250  km 
(Figure  2.15),  has  been  delayed  until  1997, 
primarily  due  to  technical  difficulties.  On  21 
June  1994  the  M-5  first  stage  motor  was 


FIGURE  2.15  M-5  AND  M-3SII  LAUNCH 
VEHICLES. 


successfully  tested  at  ISAS’  Noshiro  rocket  test 
site,  and  another  test  with  a  flight-design  model 
was  slated  for  1995.  Plans  to  employ  ex¬ 
tendable  motor  nozzles  on  both  the  second  and 
third  stages  were  scaled  back  to  only  the  third 
stage.  Produced  jointly  by  Nissan  (motors  and 
fairing)  and  Mitsubishi  Heavy  Industries,  the  M- 
5  will  permit  ISAS  to  undertake  more  ambitious 
scientific  missions,  particularly  beyond  Earth 
orbit,  e.g.,  a  lunar  mission  in  1997  and  a 
mission  to  Mars  in  1998  (References  118-124). 

Since  1975  NASDA  has  been  conducting  a 
parallel  program  of  launching  Japanese 
satellites  for  space  technology  and  applications 
purposes  using  liquid-propellant  vehicles.  The 
original  N-series  (N-l  and  N-ll)  launch  vehicles 
were  developed  under  license  from  the  US  and 
were  closely  related  to  the  Delta  launchers. 
Flown  during  1975-1987,  the  N-series  was 
replaced  by  the  H-l  launch  vehicle  (first  flight  in 
1986),  a  hybrid  US-Japanese  design.  The  first 
stage  of  the  H-l  was  essentially  the  same  as 
that  of  the  N-ll  with  a  liquid  oxygen/kerosene 
main  engine  and  6-9  small  solid-propellant 
strap-on  boosters.  The  second  stage  was  of 
Japanese  origin,  built  by  Mitsubishi  Heavy 
Industries,  and  burned  liquid  oxygen  and  liquid 
hydrogen.  A  small  solid-propellant  third  stage 
designed  by  Nissan  was  employed  on  GEO 
missions  to  place  the  payload  (up  to  1,100  kg) 
into  GTO  (References  116  and  125).  The  H-l 
program  concluded  in  1 992  with  nine  successes 
and  no  failures. 

To  provide  greater  payload  capacity  and  to 
permit  unencumbered  commercial  space  trans¬ 
portation  offerings  (the  Delta  licensing  agree¬ 
ment  restricted  the  use  of  the  H-l  for  commer¬ 
cial  flights),  Japan  developed  the  H-l  I  launch 
vehicle  based  on  all-Japanese  propulsion 
systems.  The  H-ll  can  lift  payloads  four  times 
heavier  than  the  H-l  into  LEO  (up  to  1 0  metric 
tons)  and  GTO  (up  to  4  metric  tons)  and  will 
open  the  door  to  NASDA  spacecraft  designed  to 
explore  the  Moon  and  planets.  The  first  mission 
on  3  February  1 994  deployed  one  payload  into 
LEO  and  then  carried  an  experimental  package 
VEP  (Vehicle  Evaluation  Payload)  to  GTO.  The 
next  H-ll  mission  on  28  August  deployed  the  3.8 
metric  ton  ETS-VI  spacecraft. 

Dwarfing  its  predecessor  (Figure  2.16),  the 
H-ll  consists  of  a  2-stage  core  vehicle,  burning 
liquid  oxygen  and  liquid  hydrogen  in  both 
stages,  with  two  large  solid-propellant  strap-on 
boosters.  Nissan  produces  the  4-segmented 
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strap-on  boosters  which  are  considerably  larger 
than  the  main  stages  of  ISAS’  M-3  and  M-5 
series  vehicles.  The  LE-7  first-stage  main 
engine  (Table  2.2)  overcame  numerous 
developmental  difficulties,  while  the  LE-5A 
engine  used  by  the  second  stage  merely 
represents  an  upgraded  version  of  the  proven 
LE-5  flown  on  the  second  stage  of  the  H-l 
(References  125-133). 


FIGURE  2.16  H-l  AND  H-ll  LAUNCH 
VEHICLES. 


A  third  new  launch  vehicle  concept 
emerged  during  1991-1992.  Called  J-l,  the  new 
booster  would  serve  the  small  satellite 
community  with  a  one-metric-ton  payload 
capacity  to  LEO  in  its  basic  configuration.  After 
some  evolution  the  J-l  design  solidified  around 
a  3-stage,  solid-propellant  vehicle  using  a 
modified  H-ll  strap-on  booster  for  the  first  stage 
and  the  second  and  third  stages  of  the  current 
M-3SII,  with  a  LEO  payload  capacity  of  up  to 
900  kg.  Growth  options  include  adding  two  or 
more  small  strap-on  boosters  or  augmenting  the 
first  stage  with  two  additional  H-ll  class  strap- 
ons.  The  project,  approved  in  1993,  is  being 
sponsored  by  NASDA  with  cooperation  from 
ISAS.  The  first  orbital  mission  is  scheduled  for 
1998,  but  a  2-stage  sub-orbital  mission, 
HYFLEX  (Hypersonics  Flight  Experiment)  may 
be  conducted  as  early  as  1996.  HYFLEX  will 
test  design  and  modeling  principles  critical  to 
the  development  of  future  spaceplanes 
(References  124  and  135-139). 

In  addition  to  lofting  larger  GEO  satellites, 
the  H-ll  has  been  designed  specifically  to 
accommodate  the  proposed  HOPE  (H-ll 
Orbiting  Plane)  spacecraft  (see  also 
Section  3.4).  In  its  current  configuration  HOPE 
will  have  a  launch  mass  of  approximately  10 
metric  tons,  a  length  of  1 1 .5  m,  and  a  wing-span 
of  8.6  m  (Figure  2.18).  Originally  viewed  as  a 
major  logistical  vehicle  for  the  Japanese 
Experiment  Module  of  the  Freedom  Space 
Station,  HOPE  will  initially  be  an  unmanned 
spacecraft  with  a  one-metric-ton  payload 
capacity  which  could  service  the  new 
International  Space  Station  after  the  turn  of  the 
century.  The  maiden  flight  of  a  NASDA  HOPE 
demonstration  vehicle  (HOPE-X)  is  tentatively 
scheduled  for  1999. 

A  number  of  major  technology  experiments 
are  already  underway.  The  Orbiting  Re-entry 
Experiment  (OREX)  was  carried  on  the  first  H-ll 
mission  in  1994  to  test  navigational  and  thermal 
control  systems  for  HOPE.  In  1996  the  J-l 
HYFLEX  mission  will  further  examine 
aerodynamic  characteristics  of  hypersonic 
vehicles  while  the  ALFLEX  (Automatic  Landing 
Flight  Experiment)  will  test  unmanned  landing 
systems.  Russian  aerospace  specialists  will 
also  assist  Japan  in  conducting  high-speed 
aerodynamic  experiments  on  HOPE  models  at 
the  Zhukovskiy  Central  Aerohydrodynamics 
Research  Institute  in  the  Moscow  region 
(References  125  and  140-148). 
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MNTVC  :  Movable  Nozzle  Thrust  Vector  Control 
SMRC  :  Solid  Motor  Reaction  Control 
LITVC  :  Liquid  Injection  Thrust  Vector  Control 

SJ  :  Side  Jet 


*  Large  fairing  *  Strap-on  boosters 

FIGURE  2.17  J-l  LAUNCH  VEHICLE  DESIGN. 


A  20-metric-ton  version  of  HOPE,  possibly 
manned  with  a  3-3.5  metric  ton  payload 
capacity,  has  also  been  considered.  Such  a 
vehicle  would  be  16  m  long  with  a  wing-span  of 
12.3  m.  To  support  the  larger  HOPE,  the  H-ll 
launch  vehicle  would  require  additional  strap-on 
boosters  (up  to  six  solid  boosters  or  a 
combination  of  solids  and  liquids).  However, 
preliminary  engineering  analyses  suggest  that 
the  new  H-2D  would  still  not  be  able  to  insert 
the  larger  HOPE  directly  into  orbit,  requiring 
HOPE  to  burn  up  to  four  metric  tons  of 
propellants  to  enter  LEO.  Meanwhile,  studies  of 
other  reusable  spacecraft,  including  single- 
stage-to-orbit  concepts,  are  underway 
(References  149-152). 

ISAS  and  NASDA  conduct  their  space 
launch  activities  at  two  separate  sites.  The  old¬ 
est  facility  is  known  as  the  Kagoshima  Space 
Center  and  is  maintained  by  ISAS  on  Kyushu 
Island.  All  M-3SII  missions  are  launched  from 
Kagoshima  which  will  also  support  future  M-5 
flights.  NASDA  operates  the  Tanegashima 
Space  Center  on  the  island  of  Tanegashima 
south  of  Kagoshima  for  all  H-class  vehicle 
launches.  The  H-l  launch  pad  is  currently  being 
modified  to  support  the  new  J-l  vehicle.  A  new 


facility  about  1  km  away  was  constructed  for  H- 
II  operations.  Due  to  strict  fishing  industry 
requirements,  all  Japanese  launches  from  both 
Kagoshima  and  Tanegashima  are  limited  to  two 
2-month  periods  each  year:  January-February 
and  August-September.  Consequently,  the 
current  maximum  flight  rate  each  year  is  two  M- 
class,  two  J-class,  and  two  H-class  launch 
vehicles. 

2.7  NORWAY 

Norway’s  Andoya  Rocket  Range  has 
conducted  approximately  600  sounding  rocket 
launches  since  1962  and  since  1972  has 
directly  supported  numerous  ESA  scientific 
experiments.  Andoya’s  high  latitude  location 
(-69°  N)  is  ideal  for  Arctic  upper  atmospheric 
research  as  well  as  microgravity  experiments. 
In  1993  the  Norwegian  Space  Center  in 
cooperation  with  the  Swedish  Space 
Corporation  proposed  the  establishment  of  a 
Polar  Satellite  Service  to  launch  small  (up  to 
250  kg)  spacecraft  into  LEO  inclinations  of  70° 
to  110°.  An  early  survey  of  potential  launch 
vehicles  identified  the  American-led  Pacastro 
launch  vehicle  development  program  as  highly 
suitable  for  Andoya  with  launches  beginning  as 
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ANNUAL  SPACE  LAUNCHES 


FIGURE  2.18  HOPE  /  ARIANE  5  SPACE 
TRANSPORTATION  SYSTEM. 


early  as  1996.  Subsequent  decisions  by 
Sweden  to  cooperate  more  closely  with  the 
Russian  Federation  have  undercut  the 
likelihood  that  the  Polar  Satellite  Service  will 
commence  operations  in  the  near  term 
(References  153-157). 

2.8  PEOPLE’S  REPUBLIC  OF  CHINA 

Since  1970  the  PRC  has  conducted  more 
than  40  space  launches,  although  its  failure  rate 
of  more  than  20%  is  substantially  higher  than  its 
primary  Eurasian  competitors:  CIS,  ESA,  and 
Japan  (Figure  2.19).  Despite  a  relatively  low 
domestic  launch  demand  -  typically  2-3 
satellites  annually  -  the  PRC  has  developed  and 
is  expanding,  in  part  for  commercial  reasons,  a 
diverse  arsenal  of  launch  vehicles  to  support 
both  LEO  and  GEO  missions.  Since  1988,  the 
PRC  has  introduced  a  new  launch  vehicle  every 
two  years. 

The  newest  addition  to  the  Chang  Zheng 
(Long  March)  or  CZ  family  appeared  in  1994 
when  the  CZ-3A  was  tested  twice  successfully. 
Thus,  by  the  end  of  1994,  the  PRC  possessed 
six  operational  launch  vehicles  (Figure  2.20) 
with  three  more  under  development.  Principal 
responsibility  for  the  design  and  production  of 
CZ  launch  vehicles  lies  with  the  China  Academy 
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of  Launch  Vehicle  Technology  and  the 
Shanghai  Academy  of  Spacefiight  Technology, 
both  of  which  beiong  to  the  newly  organized 
China  Aerospace  Corporation. 

The  oidest  operational  Chinese  launch 
vehicle  is  the  CZ-2C  which  debuted  in  1975  as 
the  carrier  of  the  FSW-class  of  recoverable  low 
altitude  satellites.  Averaging  one  mission  per 
year  for  the  past  decade,  the  CZ-2C  has  a  high 
reported  reliability  and  a  payload  capacity  of  2.8 
metric  tons  to  LEO.  The  CZ-2C  is  derived  from 
the  CSS-4  ballistic  missile  and  consists  of  two 
stages  burning  UDMH  and  nitrogen  tetroxide. 
The  single  CZ-2C  mission  during  1993-1994 
was  launched  on  8  October  1993  with  a  FSW-1 
Earth  observation  spacecraft.  Later  in  the 
decade,  the  CZ-2C  may  be  mated  with  a  small, 
solid-propellant  perigee  kick-stage  to  provide 
the  vehicle  with  a  modest  GTO  capability 
(References  158-166). 

In  1 990  the  CZ-2E  variant  was  introduced  to 
give  the  CZ-2  series  of  launch  vehicles  a  GTO 
capability  which  was  specially  designed  to 
accommodate  Western  GEO  satellites.  The 
booster  consists  of  a  2-stage  core  vehicle  with 
four  strap-on  stages,  all  employing  UDMH  and 
nitrogen  tetroxide.  The  strap-on  stages  each 
use  a  single  YF-20B  engine  which  is  an 
improved  version  of  the  main  engine  design 
used  on  the  first  stage  of  the  CZ-2C.  Four  YF- 
20B  engines  are  combined  to  make  the  YF-21B 
which  powers  the  first  stage  of  the  core  vehicle, 
which  is  more  than  three  meters  longer  than  the 
CZ-2C  first  stage.  The  CZ-2E  second  stage  is 
also  based  on  its  CZ-2C  counterpart  with  an  up¬ 
rated  main  engine  (YF-22B)  and  larger 
propellant  tanks  carrying  more  than  twice  the 
load  of  the  CZ-2C  second  stages.  Finally,  a 
small  perigee  kick  stage  is  available  for  payload 
transfer  from  a  LEO  parking  orbit  to  GTO 
(References  159,  162,  163,  166-169).  The  CZ- 
2E  has  a  9.2  metric  ton  LEO  capacity  and  a 
3.1 -3.4  metric  ton  capacity  to  GTO  depending 
upon  the  perigee  kick  stage  selected. 

The  first  test  of  the  CZ-2E  on  16  July  1990 
successfully  reached  the  desired  LEO  parking 
orbit  with  the  small  (50  kg)  Pakistani  Badr 
piggy-back  satellite,  but  an  attempt  to  test  the 
new  Chinese  perigee  kick  stage  attached  to  a 
dummy  payload  failed.  The  next  mission  carried 
the  Australian  Optus  B1  satellite  into  orbit  on  13 
August  1992  after  an  initial  pad  launch  abort  on 
22  March  of  that  year.  The  next  flight  on 
21  December  1992  failed  when  a  malfunction  of 


the  payload  or  shroud  occurred  less  than  one 
minute  into  the  ascent.  Despite  the  violent 
nature  of  the  failure,  which  left  a  large  portion  of 
the  payload  scattered  down  range,  the  CZ-2E 
second  stage  continued  to  function  and  reached 
a  nominal  LEO  parking  orbit.  The  vehicle  flew 
again  successfully  on  27  August  1994  with 
Optus  B3  (References  170-179). 

A  third  CZ-2  variant,  the  CZ-2D,  appeared 
with  little  forewarning  on  9  August  1992  in  con¬ 
junction  with  the  maiden  flight  of  the  FSW-2 
spacecraft.  The  CZ-2D  is  essentially  a  two- 
stage  version  of  the  CZ-4  (below)  with  a  LEO 
payload  capacity  in  excess  of  three  metric  tons. 
The  CZ-2D  flew  a  second  FSW-2  mission  on  3 
July  1994. 

The  CZ-3  launch  vehicle  was  introduced  in 
1984  to  provide  the  PRC  with  its  initial  GEO 
mission  capability.  The  vehicle  also  marked  the 
first  use  of  a  high  technology  upper  stage  and 
led  to  China’s  entry  into  the  commercial  space 
launch  services  market.  The  CZ-3  is  a  3-stage 
launch  vehicle  with  the  first  two  stages 
essentially  identical  to  the  CZ-2C.  The  third 
stage  utilizes  a  restartable,  liquid  oxygen/liquid 
hydrogen  engine  designated  YF-73.  The  GTO 
capacity  of  the  CZ-3  is  1.5  metric  tons 
(References  159,  164,  180-184). 

Although  the  inaugural  flight  of  the  CZ-3  on 
29  January  1984  failed  when  the  third  stage  did 
not  restart  to  maneuver  from  a  LEO  parking 
orbit  to  GTO,  the  next  six  missions  (April,  1984- 
April,  1990)  were  successful.  Only  one  CZ-3 
mission  was  attempted  during  1991-1993,  and 
this  flight  resulted  in  the  stranding  of  a  domestic 
PRC  communications  satellite  in  the  wrong 
orbit.  Lift-off  occurred  on  28  December  1991, 
and  orbital  iiisertion  into  the  planned  LEO  was 
accomplished.  However,  when  the  third  stage 
was  reignited,  a  propellant  pressurization  ma¬ 
lfunction  caused  a  premature  shut-down,  leav¬ 
ing  the  payload  with  an  apogee  of  only  2,450 
km  instead  of  nearly  36,000  km  as  required. 
The  CZ-3  returned  to  flight  on  21  July  1994, 
successfully  inserting  the  APstar  1  spacecraft  in 
GTO  on  a  commercial  mission  (References 
185  and  186). 

With  its  limited  payload  capacity  and  the 
continued  growth  of  GEO  spacecraft,  the  CZ-3 
was  joined  in  1994  by  the  CZ-3A.  The  new 
launch  vehicle  incorporates  a  lengthened  first 
stage,  a  pair  of  more  powerful  YF-75  engines  in 
the  third  stage,  and  an  improved,  light-weight 
flight  control  system.  The  LEO  payload  capacity 
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FIGURE  2.20  LONG  MARCH  LAUNCH  VEHICLE  VARIANTS. 


of  the  CZ-3A  is  6.5  metric  tons  (compared  to 
5.5  metric  tons  for  the  CZ-3)  and  the  GTO 
payioad  capacity  is  2.3  metric  tons.  Both  1994 
flights  of  the  CZ-3A  were  successful,  although 
the  payload  of  the  second  mission  malfunc¬ 
tioned  and  could  not  reach  its  intended  orbit. 

Two  more  variants  of  the  CZ-3  are 
scheduled  to  appear  in  the  next  few  years.  The 
CZ-3B  is  very  similar  to  the  CZ-3A  but  with  four 
liquid-fuel  strap-on  boosters  of  the  type  used  by 
the  CZ-2E.  This  addition  will  nearly  double  the 
GTO  payload  capacity  to  4.8  metric  tons  and 
provide  a  12  metric  ton  capacity  to  LEO.  The 
first  flight  of  the  CZ-3B  will  carry  an  INTELSAT 
spacecraft  in  late  1 995  or  early  1 996.  The  CZ- 
30  will  fill  the  gap  between  the  CZ-3A  and  CZ- 
3B  by  using  only  two  strap-on  boosters,  giving  it 
a  GTO  payload  capacity  of  3.7  metric  tons 
(References  159, 187-188). 

The  third  currently  operational  series  in  the 
CZ  family  is  the  CZ-4  (also  referred  to  as  the 
CZ-4A)  which  to  date  has  been  employed  only 
twice  for  inserting  payloads  into  sun- 
synchronous  orbits.  Both  flights  in  September  of 
1988  and  1990,  respectively,  lofted  the  PRC’s 
first  domestic  meteorological  satellite  Feng 
Yun-1.  The  CZ-4  is  a  3-stage  launch  vehicle 
carrying  UDMH  and  nitrogen  tetroxide  for  all 
stages.  The  CZ-4  first  stage  uses  the  same 
power  plant  as  the  CZ-3A  but  is  nearly  two 
meters  taller.  Likewise,  the  CZ-4  second  stage 
is  similar  to  that  of  the  CZ-3A.  The  CZ-4  third 
stage  is  a  specially  designed  unit  powered  by 
the  YF-40  main  engine.  The  payload  capacity  of 
the  CZ-4  into  a  sun-synchronous  orbit  is  cited 
as  2.5  metric  tons  (References  159,  189-190). 

To  satisfy  the  need  for  launching  small 
satellites  into  LEO,  the  PRC  is  offering  to  make 
available  the  CZ-1D  launch  vehicle  about  1995. 
The  CZ-1  was  the  PRC’s  first  space  launch 
vehicle  with  missions  in  1970  and  1971. 
Derived  from  the  CSS-3  ballistic  missile,  the 
CZ-1  was  quickly  replaced  by  the  more  capable 
CZ-2  and  its  cousin  the  FB-1.  The  CZ-1D 
design  consists  of  a  2-stage  vehicle  with  the 
first  stage  burning  UDMH  and  nitric  acid 
whereas  the  second  stage  utilizes  UDMH  and 
nitrogen  tetroxide.  The  payload  capacity  of  the 
CZ-1D  will  be  900  kg  to  LEO  and  300  kg  to  a 
sun-synchronous  orbit  (References  159-161, 
191-192). 

In  the  long-term  the  PRC  has  expressed  the 
need  to  develop  a  much  larger  LEO  payload 


capacity:  on  the  order  of  25  metric  tons.  Such  a 
capability  is  consistent  with  future  plans  for 
manned  space  systems,  including  a  potential 
space  station  (Section  3.6).  Even  further  into 
the  future  is  the  development  of  a  fully  reusable, 
two-stage-to-orbit  space  transportation  system 
similar  to  the  German  Sanger  concept.  The 
PRC  has  been  conducting  detailed  engineering 
studies  in  this  area  for  more  than  a  decade,  but 
available  resources  have  not  permitted  a 
commitment  to  begin  development  (References 
159,  193-194). 

Presently,  the  PRC  operates  three  widely 
separated  space  launch  centers  to  meet  the 
needs  of  the  entire  CZ  family  of  vehicles.  Since 
these  facilities  are  not  located  on  the  coast  of 
China,  each  site  is  limited  in  the  launch 
azimuths  permitted  which  has  led  to  separate 
centers  for  typical  LEO,  sun-synchronous,  and 
GEO  missions. 

The  oldest  site  which  is  used  for  low  altitude 
posigrade  missions  with  inclinations  of  40°  or 
more  is  called  the  Jiuquan  Satellite  Launch 
Center  (sometimes  referred  to  in  the  West  as 
Shuang  Cheng-Tzu)  and  is  situated  in  the  Gobi 
Desert  in  north  central  China.  All  CZ-2C  and 
CZ-2D  launches  originate  at  Jiuquan.  The 
second  PRC  space  facility  is  the  Xichang 
Satellite  Launch  Center  which  supports  all  GEO 
missions  from  its  location  in  southern  China. 
Separate  launch  pads  support  CZ-3  and  CZ-2E 
operations.  During  1993-1994  Xichange  under¬ 
went  extensive  modernization  and  expansion,  in 
part  due  to  the  requirements  of  the  CZ-3A/B/C 
family  and  in  part  to  meet  commercial  customer 
needs  (References  195-197). 

The  Taiyuan  Satellite  Launch  Center  was 
commissioned  for  sun-synchronous  missions 
and  thus  supports  all  CZ-4  launches.  Taiyuan  is 
located  southwest  of  Beijing,  and  will  support 
the  Chinese-Brazilian  Earth  observation 
satellite  program  in  1996. 

2.9  RUSSIAN  FEDERATION 

During  1993-1994  the  Russian  Federation, 
the  principal  heir  to  the  vast  Soviet  space 
program,  conducted  97  space  launches  (down 
from  116  space  launches  during  1991-1992) 
with  only  three  failures  (Figure  2.21).  By  con¬ 
trast,  the  rest  of  Eurasia  undertook  only  27 
missions  during  this  2-year  period  and  suffered 
three  launch  failures.  Although  one  of  the  two 
operational  CIS  cosmodromes  is  in  Kazakhstan, 
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the  Russian  Federation  was  responsibie  not 
only  for  launching  all  1 993-1 994  launch  vehicles 
but  also  for  their  payloads. 

Two  new  launch  vehicle  types  were  added 
to  the  Russian  arsenal  in  1 993-1 994,  which  now 
consists  of  five  basic  families  with  seven  major 
variants.  By  the  end  of  the  decade,  the  number 
of  launch  vehicle  variants  may  double,  and  the 
new  Svobodnyy  Cosmodrome  in  the  Russian 
Far  East  may  be  commissioned.  A  summary  of 
Russian  liquid-fuel  main  rocket  engines  is  found 
in  Table  2.2  (References  198-201). 

2.9.1  Small  Expendable  Launch  Vehicles 

Until  1993  the  smallest  Russian  launch 
vehicle  in  use  was  the  Kosmos-3M  booster, 
derived  from  the  R-14  (NATO  designator  SS-5) 
medium  range  ballistic  missile.  Originally  de¬ 
signed  by  the  Yangel  Design  Bureau  in  Ukraine 
(now  the  Yuzhnoye  [Southern]  Design  Bureau) 
and  the  Prikladnoi  Mekhaniki  (Applied 
Mechanics)  Scientific  Production  Association  in 
Russia,  the  Kosmos-3M  has  been  manu¬ 
factured  by  the  Polet  (Flight)  Design  Bureau  for 
nearly  30  years.  Eleven  Kosmos-3M  launches 
were  conducted  during  1993-1994,  and  all  were 
successful. 

The  two-stage  booster  burns  UDMH  as  a 
fuel  and  either  nitric  acid  or  N204  as  the  oxid¬ 
izer.  The  first  stage  employs  two  1 1D614  (RD- 
216)  main  engines,  while  the  second  stage 
relies  on  a  single,  restartable  1 1 D49  main  en¬ 
gine.  The  second  stage  also  carries  an  inde¬ 


pendent  propulsion  system  for  coast  and  space¬ 
craft  deployment  operations.  Used  only  for  LEO 
missions,  the  Kosmos-3M  has  a  demonstrated 
payload  capacity  of  1 ,500  kg  to  a  low  altitude, 
51  “-inclination  parking  orbit.  However,  since 
1988  all  Kosmos-3M  missions  have  originated 
from  the  Plesetsk  Cosmodrome  (Complexes 
1 32  left  and  right  and  1 33)  with  inclinations  of 
66°  or  more.  The  first  commercial  use  of 
Kosmos-3M  was  scheduled  for  early  1 995  when 
small  American  and  Swedish  spacecraft  were  to 
accompany  a  Russian  navigation  satellite  into 
orbit.  An  improved  model  of  the  launch  vehicle, 
the  Kosmos-3MU  (aka  Vzlet),  may  begin  opera¬ 
tions  by  1 998  with  a  LEO  payload  capacity  of 
1 .8  metric  tons  (References  202-205). 

The  two  newest  additions  to  the  Russian 
launch  vehicle  stable  come  from  the  conversion 
of  ballistic  missiles  declared  excess  following 
the  START  arms  control  agreements.  The  Start 
and  Rokot  launch  vehicles  are  derived  from  the 
RS-12M  (NATO  designator  SS-25)  and  RS-18 
(NATO  designator  SS-19),  respectiveiy,  and 
both  flew  maiden  orbital  missions  during  1993- 
1994. 

A  consortium  headed  by  the  Kompleks 
Scientific  and  Technical  Center  has  converted 
the  RS-12M  into  a  potentially  mobile,  4-  or  5- 
stage,  low-capacity  satellite  launcher 
(Figure  2.24).  The  Start-1  variant,  consisting  of 
four  solid-propellant  stages  (RS-12M  plus  a 
new  fourth  stage)  with  a  maximum  diameter  of 
1.8  m  and  a  height  of  22.7  m,  was  iaunched 
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FIGURE  2.22  RUSSIAN  OPERATIONAL  LAUNCH  VEHICLES. 


FIGURE  2.23  RUSSIAN  LAUNCH  VEHICLE  UTILIZATION. 


from  the  Plesetsk  Cosmodrome  on  25  March 
1993  with  a  225  kg  payload.  Start-1  has  a  LEO 
payload  capacity  of  up  to  550  kg.  A  5-stage 
model,  simply  called  Start,  will  employ  two  RS- 
12M  second  stages  to  increase  the  payload 
capacity  to  850  kg  and  will  be  available  by 
1995.  Both  vehicles  also  carry  a  small  liquid- 
propellant  propulsion  system  to  refine  the  final 
orbit.  Although  initial  Start  and  Start-1  missions 
will  be  conducted  from  fixed  Plesetsk  facilities, 
future  launchings  from  RS-12M  road-mobile 
platforms  are  possible  (Figure  2.25),  Launch 
sites  in  Alaska  and  Australia  have  been 
considered  (References  206-216). 

Debuting  in  late  1994  was  the  Rokot  launch 
vehicle  developed  by  the  Salyut  Design  Bureau 
of  the  Khrunichev  State  Space  Research  and 
Production  Center.  By  adding  a  new  liquid- 
propellant  third  stage  Briz  (Breeze)  to  the  two- 
stage  RS-18  ICBM,  Russian  aerospace 
engineers  created  a  2.5  m  diameter,  24.6  m  tall 
space  launch  vehicle  with  a  LEO  payload 
capacity  of  nearly  1.9  metric  tons.  All  three 
stages  burn  UDMH  and  N204.  Following  two 
sub-orbital  missions  (20  November  1 990  and  20 
December  1991),  Rokot  finally  launched  an 
amateur  radio  satellite,  Radio-ROSTO,  into  an 
orbit  of  1 ,884  km  by  2,161  km  with  an  inclination 


of  64.8°  on  26  December  1994.  Although  the 
satellite  deployment  portion  of  the  mission  was 
successful,  the  Rokot  third  stage  exploded  a 
few  hours  after  launch.  This  initial  Rokot  space 
mission  originated  from  a  silo  at  the  Baikonur 
Cosmodrome  (Site  175),  but  regular  flights  are 
envisioned  from  the  Kosmos-3M  facilities  at  the 
Plesetsk  Cosmodrome  starting  in  1997  or  from 
silos  at  the  proposed  Svobodnyy  Cosmodrome 
as  early  as  1996.  The  German  company 
Daimler-Benz  Aerospace  is  teaming  with 
Khrunichev  to  market  Rokot  commercially  under 
the  Eurockot  Launch  Services  GmbH  of  Bremen 
(References  217-228). 

Several  other  excess  Russian  ballistic 
missile  types  are  being  evaluated  for  launching 
small  spacecraft  into  low  altitude  orbits.  The 
Makeyev  Design  Bureau  and  State  Rocket 
Center,  located  in  the  Chelyabinsk  region  of  the 
Russian  Federation,  is  trying  to  market  space 
launch  versions  of  its  former  submarine- 
launched  ballistic  missiles.  Beginning  in  1991 
Makeyev  began  launching  RSM-50  (NATO 
designator  SS-N-18)  missiles  from  Delta-IV 
submarines  on  short  ballistic  flights  for 
commercial  customers.  Launches  take  place 
near  Murmansk  and  are  recovered  near  the 
Kamchatka  peninsula. 
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FIGURE  2.24  START-1  AND  START  LAUNCH 
VEHICLES. 

Eventually,  Makeyev  hopes  to  introduce  the 
liquid-propellant  RSM-50  Volna  and  RSM-40 
(NATO  designator  SS-N-8)  Vysota  space 
launch  vehicles  (Figure  2.26).  The  former, 
launched  from  either  a  Delta-Ill  or  Delta-IV  sub¬ 


marine,  could  carry  payloads  into  LEO  of  up  to 
115  kg  from  equatorial  sites.  The  Delta-1 
launched  Vysota  has  about  the  same  payload 
capacity  but  offers  a  smaller  payload  volume: 
0.7  m3  compared  to  1 .3  m3  for  Volna.  The  Shtil- 
1N,  based  on  the  liquid-fuel  RSM-54  (NATO 
designator  SS-N-23),  could  begin  orbital  flights 
with  payloads  of  up  to  510  kg  in  1995  from  the 
Severkosmos  ground  facilities  at  the  Plesetsk 
Cosmodrome.  The  larger  Shtil-3N  would  have 
an  increased  payload  of  950  kg  (References 
229-233). 

During  1993  the  Makeyev  Design  Bureau 
and  American  investors  examined  the 
possibility  to  creating  a  new  launch  vehicle 
based  on  the  RSM-54  and  the  RSM-52  (NATO 
designator  SS-N-20).  Called  Surf,  the  launch 
vehicle  would  use  the  first  stage  of  the  RSM-52 
solid-propellant  booster  topped  with  the  four 
stages  of  the  RSM-54.  Rather  than  employing 
submarine  or  ground-level  launch  platforms. 
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FIGURE  2.25  POTENTIAL  START-1  LAUNCH 
PLATFORM. 
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DELTA  111  -  Class 


FIGURE  2.26  VYSOTA  AND  VOLNA  SPACE  LAUNCH  SYSTEMS. 


Surf  would  be  launched  in  a  floating  condition 
on  the  surface  of  the  sea  and  would  provide  a 
LEO  payload  capacity  of  2.4  metric  tons 
(References  234-240). 

Finally,  the  Makeyev  Design  Bureau  has 
also  proposed  developing  the  Aerokosmos  air- 
launched  space  transportation  system  based  on 
the  Shtil-3A  or  RIF-MA  launch  vehicles.  Using 
11-76  MD,  An-124,  or  An-225  cargo  aircraft  as 
launch  platforms,  the  boosters  would  be  carried 
internally,  air-dropped,  retarded  by  parachutes 
and  then  ignited.  The  Shtil-3A  would  have  a 
LEO  payload  capacity  of  more  than  600  kg, 
while  the  RIF-MA  could  carry  nearly  one  metric 
ton  (References  229,  232,  241). 

A  different  air-launch  concept  was  proposed 
by  the  Raduga  Machine  Building  Design  Bureau 
of  Moscow  in  1991.  A  Tu-160  strategic  bomber 
would  carry  the  Burlak  missile  under  its  fuse¬ 
lage  for  release  at  a  high  altitude  and  speed. 
The  original  Burlak  design  envisioned  a  payload 
capacity  of  700  kg  into  equatorial  orbits,  but  im¬ 
provements  were  made  by  1992  increasing  the 
payload  capacity  to  1,100  kg.  Later,  the  Ger¬ 
man  space  agency  DARA  joined  the  conceptual 


studies,  and  the  launcher  name  was  changed  to 
Diana-Burlak  (References  242-244). 

2.9.2  Medium  Expendable  Launch 
Vehicles 

The  most  active  Russian  launch  vehicle 
during  1993-1994  was  the  Soyuz-U  (including 
the  Soyuz-U2  variant).  Derived  from  Sergei 
Korolev’s  original  R-7  ICBM  (NATO  designator 
SS-6)  and  the  subsequent  Sputnik,  Luna, 
Vostok,  and  Voskhod  launch  vehicles,  the  first 
Soyuz  model  was  introduced  in  1 966  and  has 
since  been  flown  approximately  750  times  in 
various  configurations  with  a  reliabiiity  of  more 
than  97%.  The  two-and-one-half-stage  launch 
vehicle  burns  simple  liquid  oxygen  and  a  form  of 
kerosene.  The  first  stage  consists  of  a  core 
vehicle  powered  by  a  11D512  (RD-108)  main 
engine  and  four  strap-on  boosters  with  1 1 D51 1 
(RD-107)  main  engines.  The  second  stage 
carries  a  single,  4-nozzle  11D55  (RD-0110) 
main  engine.  The  Soyuz-U/U2  launcher 
currently  has  a  LEO  payload  capacity  of 
approximately  7,300  kg  for  52°  inclination 
orbits.  The  Soyuz-U2  upgrade  was  introduced 
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in  1986  to  support  the  Soyuz-TM  spacecraft  and 
has  also  been  used  for  Progress-M  spacecraft 
and  the  sixth  generation  photographic 
reconnaissance  satellites. 

Two  Soyuz-U  launch  pads  are  operational 
at  the  Baikonur  Cosmodrome  (Complexes  1 
and  31)  and  three  are  available  at  the  Plesetsk 
Cosmodrome  (Complexes  16  and  43  left  and 
right).  All  Soyuz-U/U2  launch  vehicles  are 
produced  by  the  Samara  Central  Specialized 
Design  Bureau  and  Progress  Plant  with  engines 
designed  by  the  Energomash  Scientific 
Production  Association.  Of  the  32  missions 
flown  during  1993-1994  only  one  failed.  A 
malfunction  in  the  second  stage  of  the  27  April 
1993  flight  led  to  the  loss  of  its  photographic 
reconnaissance  payload  (References  245-246). 

In  1991  work  began  on  a  major  Soyuz 
improvement  program.  Now  known  as  Rus,  the 
modernized  launch  vehicle  will  have  an 
increased  payload  capacity  (up  to  8,000  kg  for  a 
52°  orbit)  with  a  new  flight  control  system, 
enlarged  payload  fairings,  and  modified  main 
engines.  Operations  are  expected  to  begin  at 
the  Plesetsk  Cosmodrome  in  1997.  Test  firings 
of  a  new  Rus  main  engine  were  already 
underway  in  1994  (References  247-253). 

The  Molniya-M  launch  vehicle  essentially 
consists  of  a  basic  Soyuz  launch  vehicle  with  an 
additional  third  stage.  Like  the  lower  stages,  this 
third  stage  is  powered  by  liquid  oxygen  and 
kerosene  via  a  11D33  main  engine.  Originally 
developed  for  lunar  and  planetary  missions 
beginning  in  1960,  the  Molniya-M  is  now  used 
to  place  payloads  of  1.6-1. 8  metric  tons  into 
highly  elliptical  (-400  km  by  40,000  km)  Earth 
orbits  inclined  63°  to  the  equator.  The  upper 
stage  and  the  payloads  (normally  a  Molniya 
communications  or  Kosmos  early  warning 
satellite)  are  encased  within  the  launch  shroud 
and  subsequently  placed  into  a  low  altitude 
parking  orbit  by  the  lower  stages.  About  half  a 
revolution  of  the  Earth  later,  the  third  stage  is 
ignited  for  transfer  into  the  elliptical  orbit.  During 
1993-1994  eleven  Molniya-M  launch  vehicles 
performed  flawlessly,  bringing  the  overall  relia¬ 
bility  to  about  89%  after  nearly  300  missions. 
Molniya-M  vehicles  can  be  launched  from  either 
Baikonur  or  Plesetsk,  but  since  1990  the 
boosters  have  oniy  operated  from  Plesetsk 
(Reference  254). 

For  several  years,  a  modification  of  the 
Molniya-M  launch  vehicle  has  been  under  con¬ 
sideration.  The  third  stage  would  be  replaced  by 


a  new  Fregat  stage  which  is  derived  from  the 
main  propulsion  unit  of  the  Phobos  inter¬ 
planetary  spacecraft  developed  by  the 
Lavochkin  Scientific  Production  Association  and 
launched  in  1988.  Tentativeiy  designated 
Molniya-A,  this  launch  vehicle  would  be  capable 
of  placing  5.4  metric  tons  into  a  sun-synch¬ 
ronous  orbit.  Introduction  of  the  Molniya-A  could 
come  as  early  as  1996  (References  255-258). 

2.9.3  Large  Expendable  Launch  Vehicles 

The  largest  Russian  launch  vehicle  in 
regular  use  is  the  Proton-K,  used  in  a  3-stage 
configuration  for  heavy,  LEO  missions  and  in  a 
4-stage  configuration  for  high  altitude 
deployments.  The  former  variant  is  capable  of 
lifting  20-metric-ton-class  spacecraft  into  very 
low  altitude  orbits  of  about  200  km,  while  the 
latter  supports  semi-synchronous  (GLONASS), 
geosynchronous,  and  deep-space  missions, 
such  as  lunar  and  planetary  probes.  Less  than 
30  3-stage  models  of  the  Proton-K  have  been 
launched  since  1968  with  an  overall  reliability  of 
approximateiy  85%.  On  the  other  hand,  the  4- 
stage  model  has  flown  nearly  200  times  since 
1967  with  a  reliability  of  nearly  87%.  During  the 
past  10  years  (1985-1994)  the  combined  relia¬ 
bilities  of  all  Proton-K  launches  has  reached 
93.2%  (References  259-271). 

The  first  three  stages  of  the  Proton-K  were 
originally  developed  by  the  Chelomei  Design 
Bureau  in  the  early  and  mid-1960’s.  Today, 
design  and  production  responsibilities  lie  with 
the  Khrunichev  State  Space  Research  and 
Production  Center  in  the  Moscow  region.  All 
three  stages  burn  UDMH  and  N204  hypergolic 
propellants.  The  first  stage  is  powered  by  six 
11D48  (RD-253)  engines,  the  second  stage  by 
three  8D411K  (RD-0210)  engines  and  by  one 
8D412K  (RD-0211)  engine,  and  the  third  stage 
by  a  single  8D48  (RD-0212)  engine.  The  first 
stage  engines  were  developed  by  the  Glushko 
Design  Bureau  (now  the  Energomash  Scientific 
Production  Association),  whereas  the  Kosberg 
Design  Bureau  (now  the  Khimavtomatiki  Design 
Bureau)  created  the  second  and  third  stage 
engines. 

The  fourth  stage  of  the  Proton-K  is  pro¬ 
duced  by  the  Energiya  Rocket  and  Space 
Corporation  (formerly  the  Korolev  Design 
Bureau)  and  utilizes  liquid  oxygen  and  kerosene 
derivatives  as  propellants,  much  like  the  original 
Sputnik  launch  vehicle.  The  main  engine  is 
restartable  and  is  known  as  the  1 1 D58M  (RD- 
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FIGURE  2.27  PROTON  LAUNCH  VEHICLE 
WITH  MIR  KRISTALL  MODULE. 


58M).  The  fourth  stage  comes  in  two  major 
variants:  the  Block  D  without  an  independent 
navigation  and  guidance  unit  for  deep-space 
missions  and  the  Biock  DM  with  such  a  unit  for 
most  Earth  orbital  missions.  Three  modeis  of 
the  Block  DM  are  now  in  use  for  semi- 
synchronous  missions  (11S861),  for  normal 
geosynchronous  missions  (11S86),  and  for 
heavy  geosynchronous  spacecraft  (11S861-1). 
The  last  was  first  used  in  1994  for  the  maiden 
flight  of  the  Gals  spacecraft. 

During  the  1993-1994  period  no  3-stage 
versions  of  Proton-K  were  flown,  but  19  flights 
of  the  4-stage  model  were  conducted.  All  were 
successful  except  the  mission  of  27  May  1993 
which  failed  to  achieve  orbit  due  to  propeilant 
contamination  in  the  second  and  third  stages. 
The  vehicie  returned  to  flight  the  foiiowing 
September  (References  259-276).  Four  launch 
pads  for  the  Proton-K  were  built  at  Baikonur 
(Complexes  81  left  and  right  and  200  left  and 
right),  but  only  two  were  operational  at  the  end 
of  1 994.  The  other  two  were  undergoing  major 
overhauis. 

One  of  the  principai  topics  concerning  the 
Proton-K  iaunch  vehicle  in  recent  years  has 
been  its  entry  into  the  international  commercial 


launch  services  market.  An  agreement  between 
the  US  and  the  Russian  Federation  was  finally 
reached  in  1 993  to  allow  limited  use  of  Proton 
launch  vehicles  for  commercial  geosynch¬ 
ronous  flights  through  the  year  2000.  In  all, 
nine  Proton  missions  to  GEO  (including  the 
previously  approved  INMARSAT  3  contract) 
were  allowed  if  the  cost  was  not  less  than  7.5% 
below  the  international  market  value  and  no 
more  than  two  missions  were  conducted  in  a 
12-month  period.  Three  LEO  missions  of  US 
Iridium  spacecraft  were  also  permitted,  but 
other  LEO  commercial  contracts  were  subject  to 
future  negotiations  and  mutual  agreement. 

Marketing  of  Proton  launch  vehicles  was  to 
be  handled  via  the  newly  formed  Lockheed- 
Khrunichev-Energia  joint  venture.  By  the  end  of 
1994  no  commercial  Proton  launches  had  been 
undertaken,  and  the  first  such  mission  was 
unlikely  before  the  spring  of  1996.  Meanwhile, 
debates  concerning  the  raising  of  the  number  of 
GEO  launches  and  how  to  count  the  leasing  of 
Russian  GEO  spacecraft  often  became  heated 
(References  277-286). 

Before  the  US-Russian  deal  had  been 
ironed  out,  Russian  officiais  had  already 
committed  to  a  modernization  of  the  nearly  30- 
year-old  launch  vehicle.  The  new  Proton-KM 
launch  vehicle  will  eventually  be  able  to  place 
23.7  metric  tons  into  LEO  and  4.5  metric  tons 
directiy  into  GEO.  With  a  standard  Block  DM 
fourth  stage  the  Proton-KM  will  handle  3-metric- 
ton  GEO  payloads  (compared  to  a  2.5-metric- 
ton  limit  for  the  Proton-K),  but  a  new  liquid 
oxygen/liquid  hydrogen  fourth  stage  will  permit 
carrying  the  heavier  4.5-metric-ton  spacecraft. 
In  addition,  new  shrouds  with  larger  volumes, 
some  as  large  as  120  m^,  will  also  be  available. 

Other  elements  of  the  modernization  pro¬ 
gram  include  a  new  guidance  system,  more  effi¬ 
cient  energy  and  propellant  management  pro¬ 
cedures,  more  benign  payload  launch  enviro¬ 
nments,  and  more  accurate  landing  zones  for 
sub-orbital  stages.  Proton-KM  will  also  be  able 
to  use  a  version  of  Khrunichev’s  new  Breeze 
upper  stage  or  Lavochkin’s  Fregat  as  an 
auxiliary  fifth  stage.  Plans  also  call  for  replacing 
most  Ukrainian  suppliers  of  Proton  components 
with  new  Russian  vendors.  The  first  Proton-KM 
may  not  fly  until  1998  with  the  cryogenic  upper 
stage  variant  not  appearing  before  the  year 
2000.  Tentative  pians  announced  in  1992  to 
build  Proton  launch  facilities  at  the  Piesetsk 
Cosmodrome  were  later  abandoned  when  a 
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program  for  a  new  generation  heavy-lift  booster 
was  approved. 

A  competition  to  develop  a  successor  to  the 
Proton  launch  vehicle  was  underway  during 
most  of  1993-1994.  The  primary  contenders 
were  the  proposed  Energiya-M  launch  vehicle, 
already  under  development  for  several  years, 
and  a  new  design  named  Angara.  With  the 
cancellation  of  the  Buran  space  shuttle  program 
(see  below)  and  the  deferment  of  government 
sponsored  super-heavy  LEO  and  GEO 
spacecraft,  the  original  100-metric-ton-class 
Energiya  launch  vehicle  program  was  halted, 
and  efforts  to  develop  the  Energiya-M  launch 
vehicle  were  redoubled. 

Energiya-M  would  employ  two  standard 
Energiya  strap-on  boosters  with  one  1 1 D520 
(RD-170)  engine  each  and  a  shorter  central 
stage  with  only  one  11D122  (RD-0120)  engine 
(Figure  2.28).  Upper  stages  and  payloads 
would  be  stacked  above  the  central  stage  within 
a  large  shroud.  The  Energiya-M  could  orbit  LEO 
payloads  of  up  to  35  metric  tons  or,  using  one  of 
three  upper  stages,  could  provide  GEO  capa¬ 
bilities  of  3.0,  4.5,  or  7.0  metric  tons, 
respectively  (References  287-294). 


FIGURE  2.28  ENERGIYA-M  AND  ENERGIYA 
LAUNCH  VEHICLES. 


RKK  Energiya’s  Energiya-M  ultimately  lost 
to  Khrunichev’s  Angara  launch  vehicle.  The 
odd-looking  Angara  (Figure  2.30)  which  could 
begin  operations  between  2000  and  2005,  will 
have  a  LEO  payload  capacity  of  26  metric  tons, 
slightly  more  than  the  forthcoming  Proton-KM. 
More  importantly,  Angara  will  consist  of  a  liquid 
oxygen/kerosene  first  stage  and  a  liquid 
oxygen/liquid  hydrogen  second  stage,  thereby 
avoiding  the  environmental  concerns  of 
Proton’s  hypergolic  propellants.  Angara’s 
unusual  configuration  will  also  allow  it  to  use  the 
Zenit  launch  facilities  now  under  construction  at 
the  Plesetsk  Cosmodrome.  No  plans  have 
been  made  to  fly  Angara  from  Baikonur,  but 
eventually  the  launch  vehicle  could  take 
advantage  of  the  lower  latitude  (compared  to 
Plesetsk)  complexes  at  Svobodnyy.  With  an 
additional  liquid  oxygen/liquid  hydrogen  upper 
stage,  Angara  could  place  4.5-metric-ton 
payloads  into  GEO,  even  from  Plesetsk.  Later, 
Angara’s  first  stage  may  be  made  reusable 
(References  295-300). 

2.9.4  Reusable  Launch  Vehicles  and 
Foreign  Appiication  of  Russian 
Rocket  Technology 

About  the  time  that  Angara  was  selected  to 
be  the  next  heavy-lift  Russian  launch  vehicle, 
the  Central  Research  Institute  of  Machine 
Building  was  reportedly  studying  a  concept  for  a 
partially  reusable  space  transportation  system. 
The  3-stage  launch  vehicle,  named  Norma, 
would  use  liquid  oxygen  and  kerosene  to  power 
all  main  engines  and  would  have  a  LEO 
payload  capacity  in  excess  of  75  metric  tons.  In 
the  initial  concept,  stages  1  and  3  could  be 
recovered  and  reused,  employing  many  of  the 
techniques  envisioned  for  the  advanced 
Energiya  booster  (Reference  301). 

The  Russian  Federation’s  only  large-scale 
reusable  space  transportation  system  was  the 
Buran  space  shuttle,  flown  only  once  in  1 988  in 
an  unmanned  mode  (Figure  2.31).  The  Buran 
orbiter  was  quite  similar  to  the  US  Space 
Shuttle  with  a  mass  of  75  metric  tons,  a  payload 
capacity  of  30  metric  tons,  a  length  of  36.4  m, 
and  a  wing-span  of  24  m.  Unlike  the  US  Space 
Shuttle,  Buran  did  not  carry  main  engines  which 
are  employed  during  lift-off,  since  this  function 
was  performed  by  the  Energiya  launch  vehicle 
central  stage.  During  the  early  1990’s,  a  man¬ 
rated  Buran  spacecraft  was  being  prepared  for 
flight,  but  in  1993  the  program  was  officially 
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1.  Spacecraft 

2.  Space  transfer  vehicle 

3.  Central  block 

4.  Side  block 

5.  Launching/mating  unit 


FIGURE  2.29  ENERGIYA-M  LAUNCH 
VEHICLE  DETAILS. 


FIGURE  2.32  MAKS  SPACEPLANE  ON  MODIFIED  AN-225  CARRIER. 


terminated.  Much  of  the  remaining  Buran  hard¬ 
ware  has  been  mothballed  and  is  in  storage  at 
the  Baikonur  Cosmodrome  (References  302- 
310). 

For  several  years  a  logical  successor  to  the 
expensive  Buran  space  shuttle  has  been  the 
Multi-purpose  Aerospace  System  (MAKS) 
based  on  a  small  spaceplane  named  Molniya 
and  launched  off  the  back  of  a  modified  An-225 
aircraft  (Figure  2.32).  Conceived  by  the  Molniya 
Scientific  Production  Association  and  the 
Zhukovskiy  Central  Aerohydro-dynamics 
Research  Institute,  MAKS  is  based  on  more 
than  30  years  experience  in  developing 
reusable  winged  spacecraft  under  the  Spiral, 
EPOS,  BOR,  and  Buran  programs.  MAKS 
would  be  a  30-metric-ton-class  spacecraft 
capable  of  manned  (with  a  crew  of  two  and  an 


8.3-metric-ton  payload)  or  automated  (with  a 
9.5-metric-ton  payload)  flight. 

In  the  air-launched  mode,  the  space-plane 
and  a  large  propellant  tank  would  separate  from 
the  An-225  at  an  altitude  of  nearly  10  km,  and 
the  spaceplane,  using  tri-propellant  (liquid 
oxygen/liquid  hydrogen/  kerosene)  RD-701 
engines,  would  fly  into  a  low  altitude  orbit.  The 
overall  dimensions  of  the  spaceplane 
(Figure  2.33)  are  19.3  m  in  length  and  12.5  m 
wing-span.  Despite  considerable  international 
interest  in  the  program,  no  commitment  has 
been  made,  and  a  maiden  flight  is  unlikely  in 
this  decade  (References  306,  311-324).  Alter¬ 
native  plans  to  launch  the  Molniya  spaceplane 
atop  an  Energiya-M  launch  vehicle  died  along 
with  that  booster  program. 


MoAV/ib 


KODUHbl 


3KHna>K  EopTOBOPH  BoaoBbiPi  6/iok  opSma/ibHoi^ 


Y  MaHMny;iBTop\  ABurare/ibHoi^  ycTOHOBKM 


B.noK  ABMroxe/iei^ 


ynpaB;)eHHB(xBOCTOBOi^' 


6170  //iMHOMHHeCKOfl  30HQ 

no/iesHoro  rpyso/ 


5;iok  ABuroTeiiei^  \ 
ynpaB/ieHMfl(Hoco0OPi) 


yAnnapoTypo  SopTOBoro  \  CTbtKOBOHHbii^  CMcieMO _ 

KOMR/ieKca  ynpoB/ieHHR  MOAy/ib  3;ieKTpocHa6>KeHHJi 

FIGURE  2.33  MAKS  (MOLNIYA)  SPACEPLANE. 


In  1993  the  Russian  Space  Agency  initiated 
a  research  and  deveiopment  program  named 
Orel  to  determine  the  feasibility  of  producing 
hypersonic  engines  to  power  a  SSTO  vehicle. 
Under  the  leadership  of  the  Central  Institute  of 
Aviation  Engine  Building,  scramjet  evaluation 
testing  began  in  November  1991  with  the  aid  of 
S-200  tactical  missiles  launched  from  facilities 
near  Baikonur.  A  second  flight  was  conducted  a 
year  later  with  French  assistance.  Both  mis¬ 
sions  tested  the  subsonic  and  supersonic  (up  to 
Mach  6)  performance  of  the  subscale, 
experimental  engine.  The  near-term  goal  of  the 
Orel  program  is  to  support  a  prototype  SSTO 
designated  the  Tu-2000  which  would  have  a 
take-off  mass  of  70-90  metric  tons,  a  length  of 
55-60  m,  a  wing-span  of  14  m,  and  would  be 
able  to  carry  a  crew  of  two.  The  maiden  flight  of 
the  Tu-2000  is  not  anticipated  before  the  year 
2010  (References  306,  321,  325-339). 

Meanwhile,  conventional  Russian  rocket 
engine  technology  (Table  2.2)  has  generated 
considerable  international  interest  for  new  or 
improved  expendable  launch  vehicles.  The  US 
firm  Pratt  &  Whitney  has  teamed  with  the 
Energomash  Scientific  Production  Association 
to  market  the  RD-120,  RD-170/RD-171 ,  and 


FIGURE  2.34  RD-701  TRI-PROPELLANT 
ENGINE. 


FIGURE  2.35  TOPAZ  II  NUCLEAR  REACTOR. 

RD-701 /704  engines.  A  smaller,  2-nozzle  ver¬ 
sion  of  the  RD-170,  called  the  RD-180,  is  under 
development  and  is  being  evaluated  by 
Lockheed-Martin  for  possible  use  in  the  US 
Atlas  launch  vehicle.  Not  to  be  outdone.  Aerojet 
is  working  with  the  Trud  Scientific  Production 
Association  in  Samara  on  adapting  the  1960- 
1970’s  era  NK-33  rocket  engines  (used  for  the 
ill-fated  N-1  manned  lunar  launch  vehicle)  for 
use  in  the  US. 

Aerojet  is  also  exploring  applications  of  the 
Lyulka  Engine  Design  Bureau’s  (Saturn 
Scientific  Production  Association)  cryogenic  D- 
57  engine  and  of  the  Khimavtomatiki  Design 
Bureau’s  cryogenic  RD-0120  flown  by  the 
Energiya  launch  vehicle.  Energomash  is  also 
offering  for  commercial  operations  its  small 
restartable  RD-0161  liquid  oxygen/  kerosene 
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engine.  However,  by  the  end  of  1994  none  of 
these  activities  had  resulted  in  a  firm  decision  to 
employ  Russian  rocket  engine  technology  in 
Western  launch  vehicles  (References  340-363). 
In  1993  reports  did  cite  a  clandestine  sale  of 
several  RD-170  engines  to  the  PRC  (Reference 
364). 

Another  Russian  space  propulsion  specialty 
garnering  wide  attention  in  the  West  is  the  use 
of  ion  thrusters  on  spacecraft  for  attitude  control 
and  orbital  adjustments.  Often  referred  to  as 
Hall  thrusters,  the  low-power,  high-endurance, 
high-efficiency  engines  produced  by  the  Fakel 
Design  Bureau  have  been  in  use  on  USSR/CIS 
LEO  and  GEO  spacecraft  since  1971.  A  joint 
Russian-American  enterprise  named  Interna¬ 
tional  Space  Technology,  Inc.  (ISTI)  was 
formed  to  market  engines  such  as  the  SPT-100. 
The  principal  partners  of  ISTI  are  Fakel,  the 
Moscow  Aviation  Institute,  and  the  US  firm 
Loral.  SEP  of  France  joined  the  venture  in  1993. 
In  addition  to  substantial  ground  testing,  ISTI 
has  undertaken  in-orbit  test  programs  on  both 
US  and  Russian  spacecraft  (References  365- 
375). 

Finally,  the  USSR/CIS  has  studied  the 
problem  of  designing  nuclear-powered  space 
propulsion  for  more  than  30  years.  Most 
concepts  have  involved  the  heating  of  a  working 
fluid  (e.g.,  liquid  hydrogen)  by  a  fission  or  fusion 
nuclear  reactor.  Although  complex  to  build  and 
operate,  such  nuclear-powered  engines  attain 
very  high  specific  impulses  (up  to  950  seconds 
or  more)  and  are  considered  an  attractive 
means  to  send  crews  on  interplanetary 
voyages.  The  principal  organizations  in  the 
Russian  Federation  conducting  research  in  this 
area  are  the  Kurchatov  Institute  of  Atomic 
Energy,  the  Research  Institute  for  Thermal 
Processes,  the  Moscow  Physical-Technical 
Institute,  and  the  Luch  Scientific  Production 
Association.  Testing  of  nuclear  engine  designs 
was  performed  for  many  years  at  the 
Semipalatinsk  proving  grounds.  However,  in 
recent  years  government  support  in  both  the 
Russian  Federation  and  the  West  has  declined 
significantly  for  space  nuclear  propulsion.  A 
new  concept  for  a  nuclear-powered  propulsion 
and  electric  power  system,  named  Topaz-Star, 
was  without  funding  in  late  1994,  and  the 
simpler  US-Russian  Topaz  II  program  was  also 
faltering  (References  376-388). 


2.9.5.  Space  Launch  Facilities 

From  1966  to  1987  the  USSR  operated 
three  launch  sites:  Baikonur  in  Kazakhstan  and 
Plesetsk  and  Kapustin  Yar  in  Russia.  The  last 
facility,  which  only  launched  the  smallest  space 
boosters,  conducted  its  final  orbital  mission  in 
1987  and  is  no  longer  a  part  of  the  Russian 
Military  Space  Forces  which  manages  all 
launch  activities.  Kapustin  Yar’s  last  space- 
related  mission  was  the  concluding  sub-orbital 
flight  of  the  BOR-5  subscale  model  of  the  Buran 
space  shuttle  in  June,  1988.  The  other  two  sites 
remain  quite  active  and  both  have  performed 
more  space  launchings  than  any  other  facilities 
in  the  world. 

The  Baikonur  Cosmodrome  (also  known  as 
Tyuratam)  is  the  oldest  space  launch  facility  in 
the  world  and  by  the  end  of  1 994  had  conducted 
over  1,000  space  launches.  Baikonur  also 
supports  the  largest  assortment  of  CIS  launch 
vehicles:  Proton-K,  Rokot,  Soyuz-U,  Molniya-M, 
Tsyklon-2,  and  Zenit.  Eight  launch  pads  were 
operational  in  1 994,  two  were  being  overhauled, 
and  three  Energiya  launch  pads  (complexes 
110  left  and  right  and  250)  were  no  longer  in 
use.  Baikonur  is  the  origin  of  all  manned  and 
man-related  (e.g.,  space  stations  and  resupply 
ships),  lunar,  interplanetary,  high-altitude  navi¬ 
gation,  and  GEO  missions.  Baikonur  will  also  be 
critical  for  the  deployment  and  the  routine 
operations  of  the  International  Space  Station.  A 
total  of  52  space  launches  were  conducted  at 
Baikonur  in  the  1993-1994  period,  more  than 
any  other  site  in  the  world. 

On  31  August  1991,  soon  after  the 
attempted  coup  against  the  Soviet  President 
Gorbachev,  the  President  of  Kazakhstan  signed 
a  decree  asserting  jurisdiction  over  Baikonur. 
The  CIS  agreement  on  Joint  Activity  in  Space 
and  Exploitation,  signed  at  the  creation  of  the 
CIS  in  Minsk  on  30  December  1991,  recognized 
the  value  of  Baikonur  and  the  need  to  maintain 
its  facilities  for  the  benefit  of  all  CIS  member 
states.  However,  the  next  three  years  witnessed 
considerable  disagreement  on  how  to  effect  this 
goal.  Finally,  in  1994  the  Russian  Federation 
and  Kazakstan  concluded  a  leasing 
arrangement  whereby  Baikonur  would  come 
under  control  of  the  Russian  Federation  for  an 
annual  fee.  The  essential  elements  of  the 
complex  agreement  are  found  in  Section  7, 
space-related  legal  documents. 
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FIGURE  2.36  BAIKONUR  COSMODROME. 


During  1993-1994  world  attention  was  fixed 
on  the  conditions  at  Baikonur  and  the  adjacent 
town  of  Leninsk.  Miiitary  unrest  which  iet  to  riots 
in  1992  continued  in  1993,  and  numerous 
Russian  and  Western  reports  warned  of  severe 
degradation  of  technical  and  social  facilities. 
The  Winter  of  1993-1994  was  particularly 
severe  due  to  a  shortage  of  food  and  heating, 
and  launch  delays  and  accidents  (including  a 
fire  at  an  integration  and  test  facility)  occurred 
with  disturbing  frequency. 

A  US  Congressional  delegation  visited 
Baikonur  in  December,  1993,  to  ascertain  the 
extent  of  the  problems  and  their  potential 
impact  on  future  US-Russian  cooperative  space 
missions.  The  situation  stabilized  in  1994  with 
the  new  Russian-Kazakhstan  accord  and  direct 
intervention  by  the  Russian  government.  In  the 
short-term  many  military  support  activities  will 
be  transferred  to  the  civilian  Russian  Space 
Agency,  and  in  the  long-term  many  space  mis¬ 
sions  will  likely  be  transferred  to  the  Plesetsk 
Cosmodrome  or  the  proposed  Svobodnyy 
Cosmodrome  (References  389-414). 


The  Plesetsk  Cosmodrome,  for  many  years 
(1969-1993)  the  busiest  launch  facility  in  the 
world,  is  located  in  northwestern  Russia. 
Although  capable  of  launching  Korolev’s  R-7 
ICBM  beginning  in  1960,  Plesetsk  did  not 
perform  its  first  space  launch  until  1966.  By  the 
end  of  1994  more  than  1,450  launchings  had 
been  conducted.  From  its  northern  latitude 
(~63°N),  space  missions  have  been  restricted 
to  orbital  inclinations  between  63°  and  83°.  The 
1762-km^  cosmodrome  is  supported  by  the 
adjacent  town  of  Mirny. 

Currently,  Plesetsk  supports  only  four 
launch  vehicle  types:  Kosmos-3M,  Soyuz/ 
Molniya,  Tskylon-3,  and  Start.  Kosmos-3M  can 
be  launched  from  any  of  three  launch  pads 
(Complexes  132  left  and  right  and  133).  Soyuz/ 
Molniya  launch  vehicles  are  supported  by  three 
active  pads  (Complexes  16  and  43  left  and 
right),  while  a  fourth  pad  (Complex  41)  is  in 
mothballs.  The  Tsykion  launch  facilities  include 
two  active  launch  pads  (Complexes  32  left  and 
right).  Start  launches,  which  began  in  1993,  are 
conducted  by  the  Strategic  Missile  Forces 
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FIGURE  2.37  PLESETSK  COSMODROME. 


rather  than  the  Military  Space  Forces  from  the 
fixed  RS-12M  launch  facilities  at  site  158. 

Construction  was  underway  in  1994  on 
Complex  35  to  permit  Zenit  launches  by  1 997. 
Eventually,  the  heavy-lift  Angara  launch  vehicle 
may  use  this  same  complex.  Later  in  the 
decade  Rus  and  Rokot  launches  are  expected 
from  Plesetsk.  Despite  its  important  role  in  the 
Russian  space  program,  not  until  1 1  November 
1994  was  Plesetsk  granted  the  title  First  State 
Testing  Cosmodrome  (References  415-422). 

Unlike  many  space  launch  facilities  in  the 
world,  both  Baikonur  and  Plesetsk  are  not 
directly  situated  on  or  near  a  coast. 
Consequently,  the  lower,  sub-orbital  stages  of 
USSR/CIS  boosters  normally  fall  back  on 
former  Soviet  territory.  This  situation  limits  the 
permissible  launch  azimuths  to  avoid  impacts 
near  popuiated  or  foreign  regions,  e.g.,  due 
east  iaunches  (the  most  advantageous)  from 
Baikonur  are  forbidden  since  lower  rocket 


stages  would  fall  on  Chinese  territory.  For  those 
launch  corridors  which  are  used,  tens  of 
thousands  of  tons  of  spent  boosters,  many  with 
toxic  residual  propellants  still  on  board,  now 
litter  the  countryside.  Steps  are  underway 
around  both  Baikonur  and  Plesetsk  to  mitigate 
the  situation,  but  the  problem  remains 
monumentai. 

Although  officials  for  several  years  have 
talked  about  the  advantages  of  constructing  a 
new  Russian  cosmodrome  in  the  Far  East,  not 
until  early  1994  were  specific  plans  set  in 
motion.  The  selected  site  is  a  former  ICBM  base 
named  Svobodnyy.  Its  latitude  is  essentiaily 
equivalent  to  the  minimum  orbital  inclination 
now  permitted  from  Baikonur.  The  first  space 
launches  from  Svobodnyy,  which  could  come 
as  early  as  1 996,  will  be  with  Rokot  boosters  in 
modified  silos.  Proposals  to  operate  the  future 
Angara  launch  vehicle  from  Svobodnyy  met 
initial  resistance  from  the  Russian  government. 


but  the  issue  is  apparentiy  far  from  settled 
(References  423-430). 

Finally,  a  consortium  of  joint  stock 
companies,  joint  ventures,  and  state  organ¬ 
izations  created  the  Kosmoflot  Scientific  Tech¬ 
nical  Center  to  investigate  the  feasibility  of 
deploying  sea-based  space  launch  facilities. 
These  so-called  floating  cosmodromes  would 
house  the  launch  vehicles  in  partially 
submerged  silos.  The  Okean  system  would  be 
capable  of  handling  boosters  with  payloads  of 
up  to  two  metric  tons.  A  Government  decree  on 
3  May  1994  designated  RKK  Energiya  as  the 
lead  Russian  industry  to  develop  sea-based 
launch  platforms.  The  decree  also  permitted 
cooperation  with  Ukrainian  enterprises 
(References  431-434). 

2.10  SPAIN 

In  1992  Spain’s  National  Institute  for 
Aerospace  Technology  (INTA)  announced 
plans  to  develop  a  small  orbital  launch  vehicle 
with  a  payload  capacity  of  up  to  100  kg  into  600 
km  polar  orbits.  Named  Capricornio,  the  launch 
vehicle  is  still  in  the  preliminary  design  stage, 
although  an  initial  flight  in  this  decade  is 
desired.  To  facilitate  the  development  effort, 
INTA  will  produce  the  solid-propellant  second- 
stage  and  purchase  a  foreign-made  solid- 
propellant  first  stage.  The  third  stage  may  be 
either  foreign  or  domestic,  liquid-  or  solid- 
fueled,  although  a  foreign  solid-propellant  stage 
is  the  leading  candidate.  The  initial  launch  site 
may  be  El  Aranosillo  near  Portugal  to  be 
followed  by  a  more  capable  launch  facility  in  the 
Canary  Islands.  Despite  funding  reductions  and 
schedule  delays,  the  Capricornio  program  was 
still  officially  on-going  at  the  end  of  1994. 
Meanwhile,  near-term  launch  needs  for  Spain’s 
Minisat  program  will  probably  be  met  by  the  US’ 
Pegasus  or  ESA’s  Ariane  launch  vehicles 
(References  115,  435-438). 

2.11  SWEDEN 

Like  its  neighbor  Norway,  Sweden  has 
suggested  converting  its  sounding  rocket  range 
Esrange  into  a  small  space  launch  facility. 
During  1993  Sweden  had  joined  Norway  in 
offering  a  Polar  Satellite  Service  with  a  yet-to- 
be-determined  launch  vehicle  (Section  2.7). 
Later,  Sweden  leaned  toward  cooperation  with 
the  Russian  Federation  to  meet  potential  com¬ 
mercial  opportunities  and  its  modest  national 
orbital  requirements.  By  the  end  of  1994,  the 


outlook  for  converting  Esrange  into  a  spaceport 
was  poor  (References  156-157,  439). 

2.12  UKRAINE 

Although  Ukraine  has  no  domestic  space 
launch  facilities,  the  former  Soviet  republic  has 
been  producing  high  quality  ballistic  missiles 
and  launch  vehicles  for  more  than  30  years.  Its 
current  offerings  include  the  Tsykion  and  Zenit 
launch  vehicle  families.  Moreover,  the  Russian 
Kosmos-3M  launch  vehicle  is  derived  from  the 
Ukrainian  R-14  ballistic  missile.  Ukraine  also 
hopes  to  convert  some  of  its  other  ballistic 
missiles  into  new  small-capacity  launch 
vehicles  and  continues  to  be  a  prime  supplier  of 
components  for  Russian  launch  vehicles.  The 
heart  of  Ukrainian  ballistic  missile  and  launch 
vehicle  expertise  is  the  Uzhnoye  (Southern) 
Scientific  Production  Association  which 
evolved  from  the  Yangel  Design  Bureau. 

The  Tsykion  family  of  launch  vehicles  is 
derived  from  Yuzhnoye’s  R-36  (NATO 
designator  SS-9)  ICBM  and  is  used  in  two 
primary  configurations.  The  two-stage  Tsyklon- 
2  launch  vehicle  has  been  launched  exclusively 
from  the  Baikonur  Cosmodrome  from  Complex 
90  left  and  right  for  high-value  military  missions: 
the  co-orbital  ASAT,  RORSAT,  EORSAT,  and 
FOBS  (Fractional  Orbit  Bombardment  System). 
Only  the  EORSAT  program  is  still  operational; 
thus,  the  launch  rate  of  the  Tsyklon-2  is  now 
only  a  few  per  year.  Both  stages  employ 
hypergolic  propellants,  the  first  stage  powered 
by  three  11D69  (RD-218)  engines  and  the 
second  stage  by  one  11D26  (RD-219)  engine. 

The  Tsyklon-3  launch  vehicle  appeared 
more  than  a  decade  after  the  Tsyklon-2  for  use 
in  both  civilian  and  military  space  programs. 
The  Tsyklon-3  is  launched  only  from  the 
Plesetsk  Cosmodrome  from  Complex  32  left 
and  right.  The  restartable  third  stage  of  the 
Tsyklon-3  is  powered  by  the  Ukrainian  11D25 
(RD-861)  which  also  uses  UDMH  and  N204.  A 
total  of  1 1  Tsyklon-3  launch  vehicles  were  flown 
during  1993-1994  with  one  failure  occurring  on 
25  May  1994.  The  cause  of  that  failure  was 
determined  to  be  a  short  circuit  which  prevented 
a  successful  separation  of  the  second  and  third 
stages.  Like  its  Baikonur  cousin,  the  Tsyklon-3 
can  be  transported  to  the  launch  pad,  erected, 
fueled,  and  launched  -  all  automatically  and 
within  only  a  few  hours  (References  440-444). 

Ukraine’s  success  with  Tsykion  led  to  its 
selection  as  the  lead  for  the  Zenit  medium- 
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FIGURE  2.38  UKRAINIAN  OPERATIONAL  LAUNCH  VEHICLES. 


capacity  launch  vehicle  in  the  second  half  of  the 
1970’s.  From  its  inception,  the  Zenit  program 
was  assigned  a  dual  purpose:  (1)  develop  a 
new  low-cost,  15-metric-ton  capacity  launch 
vehicle  and  (2)  design  its  first  stage  as  a  strap- 
on  booster  for  the  Enerigya  heavy-lift  launch 
vehicle.  Although  employing  the  more  environ¬ 
mentally  friendly  liquid  oxygen  and  kerosene  as 
propellants,  the  Zenit  adopted  many  of  the 
attractive  traits  of  the  Tsykion  space  transporta¬ 
tion  system.  Zenit  is  highly  automated  and  can 
be  launched  within  hours  of  being  erected  on  its 
launch  pad  (Figure  2.39). 

Ukraine  chose  two  Russian  power  plants  to 
lift  Zenit:  the  11D521  (RD-171)  engine  for  the 
first  stage  and  the  11D123  (RD-120)  engine  for 
the  second  stage.  Both  were  developed  by  the 
Energomash  Scientific  Production  Association 
near  Moscow.  The  Zenit  was  intended  to 
replace  the  Soyuz-U  launch  vehicle  for  many 
programs,  but  economic  and  political  forces 
combined  to  prevent  Zenit  from  becoming  a 
major  part  of  the  Russian  space  transportation 
infrastructure.  Since  its  introduction  in  1985,  the 


Zenit  has  primarily  been  used  to  support  a 
single  Russian  military  space  program. 
However,  Zenit  picked  up  two  new  programs  in 
1994  and  is  slated  to  be  one  of  the  principal 
logistics  links  for  the  International  Space  Station 
(References  445-455).  In  addition,  Zenit  launch 
facilities  at  the  Plesetsk  Cosmodrome  should  be 
completed  for  launches  beginning  in  1997. 

After  a  moderately  successful  initial  flight 
period  during  1985-1990  (three  failures  in  12 
missions),  Zenit  encountered  three  successive 
failures,  one  of  which  destroyed  its  launch  pad 
at  Baikonur.  The  4  October  1990  failure  just 
seconds  after  launch  was  so  severe  that 
Complex  45  right  had  still  not  been  repaired  by 
the  end  of  1994.  The  launch  vehicle 
successfully  returned  to  flight  in  November 
1992  and  had  not  lost  another  payload  through 
the  end  of  1994.  A  total  of  six  missions  were 
flown  during  1993-1994.  A  small  problem  did 
arise  following  the  25  December  1992  and  the 
26  March  1993  flights.  A  modification  to  the 
second  stage  engine,  which  had  caused  launch 
failures  in  1991  and  1992,  led  to  an  explosion  of 
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FIGURE  2.39  ZENIT  LAUNCH  VEHICLE. 


the  stage  within  two  days  of  launch.  A 
subsequent  fix  resoived  this  problem 
(Reference  456). 

Commercialization  of  the  Zenit,  once 
considered  highly  marketable,  has  been  rliet 
with  numerous  setbacks.  An  eariy  concept  to 
launch  Zenits  from  the  proposed  Cape  York, 
Australia,  spaceport  faded  with  the  demise  of 
that  project.  In  1993  a  US  firm.  Commercial 
Space  Management,  signed  an  agreement  with 
a  Russian  consortium  for  exciusive  marketing 
rights  for  Zenit,  but  this  deal,  too,  fell  through 
when  the  US  company  went  bankrupt 
(References  448,  457-480). 

Later  in  1994  a  new  marketing  and 
operations  arrangement  was  concluded  by 
Yuzhnoye,  the  US  Boeing  Commercial  Space 
Company,  and  the  Norwegian  ship-building  firm 
of  Kvaerner  Group.  The  new  venture,  under  the 
name  of  Sea  Launch,  envisions  launching  Zenit 
vehicles  from  floating  platforms  in  the  Pacific 
Ocean,  perhaps  as  early  as  1997.  Meanwhile, 
Space  Systems/Loral  was  considering  the  Zenit 
launch  vehicle  to  deploy  its  Globalstar 
spacecraft.  Those  LEO  missions  would 
originate  from  the  Baikonur  Cosmodrome 
(References  461-463). 


The  ultimate  success  of  the  commercial 
Zenit  remains  dependent  upon  both  technology 
and  politics.  For  GEO  missions  a  third  stage 
itiust  be  added  to  Zenit.  Already  several  years 
behind  schedule,  this  effort  has  vacillated 
between  accepting  a  modified  Proton  Block  DM 
stage  and  developing  a  new  Ukrainian  stage. 
At  the  end  of  1 994,  the  former  was  assessed  as 
the  more  likely  outcome.  Politically,  disagree¬ 
ments  (1)  between  Ukraine  and  the  Russian 
Federation  concerning  the  “nationality”  of  Zenit, 
(2)  about  the  utilization  of  the  Baikonur 
Cosmodrome,  and  (3)  concerning  Government 
approval  for  US  spacecraft  to  be  launched  on 
Zenits  still  must  be  settled  (References  464- 
470). 

An  air-launched  version  of  Zenit,  named 
Svitiaz,  has  also  been  proposed  to  circumvent 
the  existing  launch  site  problems,  albeit  at  a 
significant  penalty  in  payload  capacity.  Using 
the  An-225  aircraft  as  a  launch  platform,  a 
modified  Zenit  could  deliver  up  to  nine  metric 
tons  into  LEO  or  one  metric  ton  into  GEO.  A 
maiden  flight  of  this  configuration  may  be 
possible  by  1998  (References  452  and  471). 

Also  by  1998  three  new,  small  space  launch 
vehicle  systems  could  be  in  operation  by 
Ukraine.  The  most  powerful  and  the  most 
imminent  is  the  SS-18K,  based  on  Yuzhnoye’s 
large  RS-20  (NATO  designator  SS-18)  ICBM. 
Under  the  terms  of  the  START  accord,  more 
than  150  RS-20  missiles  must  be  removed  from 
strategic  service.  Consequently,  the  designers 
and  manufacturers  of  the  2-stage,  liquid 
propellant  (UDMH  and  N204)  rocket  have 
conceived  of  a  space  launch  variant  with  a  lift 
capacity  of  more  than  four  metric  tons  into  a 
LEO  65°  inclination.  Originally  set  for  launch  in 
1993,  the  SS-18K  had  not  risen  from  its 
Baikonur  launch  facility  by  the  end  of  1994 
(Figure  2.40). 

In  its  basic  configuration  for  orbits  below 
500  km,  the  SS-18K  would  employ  a  third  stage 
based  on  the  Lavochkin  Fregat  stage.  For 
payloads  requiring  orbital  altitudes  between  500 
and  1,500  km,  the  Tsykion  C5M  third  stage 
could  be  carried  in  place  of  the  Fregat  stage.  A 
third  option  would  be  to  use  a  stage  from 
Yuzhnoye’s  RS-22  (NATO  designator  SS-24) 
ballistic  missile  for  payloads  of  800  kg  in  orbits 
of  1,600  km  and  90°  inclinations.  Mating  a  US 
solid-propellant  upper  stage  with  the  SS-18K 
has  also  been  proposed  for  missions  to  Mars. 
The  SS-18K  has  been  recommended  for 
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conducting  microgravity  research  in  either 
orbital  or  ballistic  regimes  and  for  an  emergency 
rescue  service  named  VITA  (References  472- 
477). 

Another  Yuzhnoye  NPO  product  is  the  rail- 
mobile  and  silo-based  RS-22  missile  noted 
above.  Ukraine  is  proposing  to  develop  this 
solid-propellant  missile  into  a  3-  or  4-stage 
launch  vehicle  called  Space  Clipper  with  a  low 
altitude,  polar  payload  capacity  of  up  to  1 ,750 
kg  or  an  equatorial  GTO  payload  capacity  of 
800  kg.  The  booster  would  be  carried  aloft 
inside  an  An-124  cargo  plane  and  then  pushed 
out  the  rear  cargo  door  at  an  altitude  of  approxi¬ 
mately  10  km  (Figure  2.41).  A  small  parachute 


would  briefly  stabilize  the  vehicle  prior  to  first 
stage  ignition  (References  474,  478-480). 

In  1994  Yuzhnoye  and  the  French  firm 
Dassault  were  reportedly  exploring  yet  another 
family  of  small  launch  vehicles.  Four  variants  of 
the  launcher  named  Talisman  would  possess 
payload  capacities  of  250-750  kg  for  a  600  km, 
90°  inclination  orbit.  The  boosters  would  use  a 
small  hypergolic  (UDMH  and  N204)  upper 
stage  for  final  orbital  insertion  in  addition  to  2-3 
solid-propellant  lower  stages. 

The  Space  Clipper  and  the  Sea  Launch 
ventures  noted  above  would  provide  Ukraine 
with  more  control  over  the  launch  of  its  space 
boosters.  Other  options  under  investigation  are 
the  use  of  a  domestic  floating  platform  in  the 
Black  Sea  and  the  conversion  of  the  Varyag 
aircraft  carrier  (References  482-484). 

2.13  UNITED  KINGDOM 

During  the  1960’s  and  early  1970’s  the  UK 
embarked  on  a  national  space  launch  program 
which  culminated  in  the  launch  of  the  Prospero 
scientific  satellite  by  a  Black  Arrow  launch 
vehicle  on  28  October  1971.  However,  for  many 
years  further  UK  interests  in  launch  vehicle 
development  were  transferred  to  ELDO  and 
ESA  programs.  Finally,  in  1982  British 
Aerospace  engineers  originated  a  concept  for  a 
single-stage,  horizontal  take-off  and  landing 
(HOTOL)  space  transportation  system.  For  the 
next  several  years  the  design  was  refined  and 
eventually  presented  to  ESA  for  consideration; 
meanwhile  a  2-year  proof-of-concept  study  was 
initiated  in  1985  among  the  UK  government, 
British  Aerospace,  and  Rolls  Royce. 

Firm  support  for  HOTOL  never  materialized 
from  the  UK  government  or  ESA,  but  the  project 
managed  to  survive  at  a  very  low  level  of  effort. 
The  baseline  HOTOL  design  in  the  late  1980’s 
called  for  a  250  metric  ton  unmanned  vehicle 
which  could  deliver  a  payload  of  up  to  seven 
metric  tons  to  LEO  on  a  typical  mission  lasting 
50  hours.  The  vehicle  would  be  similar  in  size 
to  the  Concorde  supersonic  aircraft  with  an 
overall  length  of  62  m  and  wing-span  of  28  m. 
Propulsion  would  be  provided  by  four  RB545 
dual-mode  engines  which  would  operate  in  an 
air-breathing  mode  up  to  an  altitude  of  26  km 
where  a  conversion  would  be  made  to  a  liquid 
oxygen/liquid  hydrogen  rocket  propuision  mode. 
A  14-year  development  program  was 
recommended  before  HOTOL  would  become 
operational.  Despite  some  modest  Government 
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FIGURE  2.41  SPACE  CLIPPER  LAUNCH 
PROFILE. 

encouragement  to  industry,  the  current 
prospects  for  a  full-sized  HOTOL  project  in  this 
decade  are  poor  (References  485-487). 

In  1991  British  Aerospace  joined  with  the 
USSR’s  Antonov  Design  Bureau  to  consider  the 
possibiiity  of  deveioping  a  smalier  version  of 
HOTOL,  dubbed  Interim  HOTOL,  which  could 
be  air-launched  by  a  modified  An-225  aircraft 
(Figure  2.42)  Interim  HOTOL  wouid  be  reieased 
at  an  aititude  of  about  nine  kiiometers  and 
wouid  then  use  four  Russian  RD-0120,  liquid 
oxygen/liquid  hydrogen  engines  to  carry  a 
payload  of  7-8  metric  tons  into  LEO.  Wind 
tunnei  testing  of  the  Interim  HOTOL  and  8- 
engine  Antonov  carrier  has  been  accompiished. 
The  dimensions  of  interim  HOTOL  are 
approximately  36  m  length  and  22  m  wing-span. 
Despite  considerabie  interest  in  the  program,  no 
fuli  development  plan  has  been  approved  and 
funded.  The  concept  is  stiii  being  evaiuated  and 
may  be  continued  under  ESA’s  FESTIP  study 
activities  (References  488-495). 

In  1993  the  British  firm  Reaction  Engines, 
Ltd.,  revealed  that  it  was  deveioping  an  engine 
called  SABRE  which  could  propel  a  new 
spaceplane  concept  called  Skylon.  One  of  the 
founders  of  Reaction  Engines  was  a  principal  in 
the  design  of  HOTOL’s  unique  power  plant. 
Skylon  would  be  82  m  in  length  with  a  wing¬ 
span  of  27  m  and  could  carry  a  payload  of  10 
metric  tons  to  an  orbit  of  300  km  at  a  5° 
inclination  (References  496-498). 


FIGURE  2.42  INTERIM-HOTOL  ON  MODIFIED  AN-225  CARRIER. 
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3.0  MANNED  AND  MAN-RELATED  SPACE  PROGRAMS 


Since  Yuri  Gagarin  first  paved  the  way  for 
manned  space  flight,  113  citizens  of  27  nations 
in  Europe  and  Asia  have  ventured  into  the 
hostile  near-Earth  environment  (Appendix  3). 
However,  34  years  after  that  historic  mission 
only  the  US  and  the  Russian  Federation  had 
developed  the  technological  base  and  space¬ 
craft  necessary  to  carry  man  into  space  and  to 
return  him  home  safely  to  Earth.  Although  ESA, 
Japan,  and  the  PRC  have  seriously  considered 
building  manned  spacecraft,  all  three  programs 
are  on  indefinite  suspension  with  no  flights 
possible  until  after  the  year  2000.  Hence,  for  the 
remainder  of  this  decade  European  and  Asian 
astronauts  must  continue  their  reliance  on 
American  and  Russian  spaceships. 

Despite  this  lack  of  national  space 
transportation  capability,  formal  man-in-space 
programs  are  developing  rapidly  in  the  Eastern 
Hemisphere.  ESA  and  Japan  are  major 
partners  in  the  International  Space  Station 
program,  contributing  habitable  modules  to  the 
large  complex,  and  have  consequently 
established  official  astronaut  training  programs. 
In  addition  to  its  activities  with  ESA,  France  has 
undertaken  a  long-term  bi-lateral  agreement 
with  USSR/Russian  Federation  to  gain  manned 
space  flight  experiences.  PRC’s  on-again/off- 
again  manned  space  program  appears  dormant 
at  the  present,  but  the  country  remains  capable 
of  conducting  an  indigenous  man-in-space 
project  or  entering  international  endeavors. 

Two  of  the  five  manned  missions  to  Mir 
carried  crewmen  from  outside  the  former  Soviet 
bloc  under  special  programs  sponsored  by 
France  and  ESA.  Two  other  ESA  astronauts 
flew  on  separate  US  Space  Shuttle  missions, 
and  for  the  first  time  a  Russian  cosmonaut  was 
launched  on  board  an  American  spaceship. 
Several  more  international  missions  are 
scheduled  before  construction  of  the 
International  Space  Station  begins  in  late  1997. 

3.1  INTERNATIONAL  SPACE  STATION 

Ten  years  after  President  Reagan  initiated 
the  permanent  space  station  program  in  1 984, 
the  effort  had  finally  achieved  a  measure  of  both 
political  and  technical  stability.  Reborn  during 
1993-1994  as  the  International  Space  Station 
Alpha  (usually  referred  to  simply  as  the 
International  Space  Station  by  late  1994),  the 
historic  endeavor  now  includes  Canada,  ESA, 


Japan,  the  Russian  Federation,  and  the  US  as 
the  principal  partners.  Due  to  the  considerable 
resources  being  applied  to  the  International 
Space  Station  program  by  Europe  and  Asia,  this 
subsection  is  designed  to  provide  a  background 
of  the  undertaking  with  emphasis  on  the  general 
Eurasian  commitments.  Additional  details  are 
found  in  the  national  subsections  which  follow. 

The  earlier  Space  Station  Freedom  pro¬ 
gram  was  subjected  to  an  intensive  review  dur¬ 
ing  March-June,  1 993,  which  led  to  the  submis¬ 
sion  of  three  redesign  options  to  US  President 
Clinton.  The  tentative  selection  of  Option  A 
(which  led  to  the  “Alpha"  moniker)  had  hardly 
been  made  when  a  special  summer  study, 
based  on  bilateral  discussions  begun  in  the 
Spring,  investigated  the  feasibility  of  accepting 
the  Russian  Federation  as  a  new  principal 
partner.  By  the  Fall  of  1993,  the  Alpha  design 
was  expanded  to  include  numerous  Russian 
elements,  and  by  December  the  Russian 
Federation  was  officially  invited  to  join  the 
program  (References  1-15).  Kazakhstan  and 
Ukraine  will  be  vital  participants  by  way  of  the 
use  of  the  Baikonur  Cosmodrome  and  the  Zenit 
launch  vehicle,  respectively,  but  they  are  inde¬ 
pendent  players  in  the  International  Space 
Station  program. 

The  design  and  schedule  for  the  orbital 
facility  solidified  in  1994  under  a  three  phase 
program.  Phase  1  (aka  Shuttle-Mir)  constitutes 
increased  cooperation  between  the  US  and 
Russian  manned  space  programs  and  a  series 
of  joint  flights,  including  seven  missions  in 
which  the  US  Space  Shuttle  will  dock  with  the 
Mir  space  station  during  the  period  1995-1997. 
The  veteran  Russian  cosmonaut  Sergei 
Krikalev  kicked-off  the  flight  portion  of  this 
agreement  as  a  member  of  the  STS-60  crew  in 
February,  1994. 

Phase  2  begins  in  late  1 997  with  the  launch 
of  the  US-financed,  Russian-built  first  element 
of  the  International  Space  Station,  the  FGB 
module.  Sixteen  months  later,  after  14  main 
missions  (through  flight  7A)  and  several 
Russian  logistical  flights.  Phase  2  will  be 
completed.  Figure  3.1  depicts  the  International 
Space  Station  after  the  second  mission  of 
Phase  3  (Flight  7R)  scheduled  for  May,  1999. 
Assembly  complete  and  the  conclusion  of 
Phase  3  should  occur  in  June,  2002,  after  44 
main  missions  and  a  projected  29  logistical 
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FIGURE  3.1  INTERNATIONAL  SPACE  STATION  IN  EARLY  PHASE  3. 


flights,  primarily  Russian  Soyuz  TM,  Progress  European  commitment  to  involve  ESRO  in  the 

M,  and  Progress  M2  spacecraft.  US  Space  Shuttle  program  and  in  1973  with  the 

When  full  operational  capability  is  achieved  signing  of  an  agreement  with  the  US  to  develop 

in  2002,  the  space  station  will  consist  of  17  the  Spacelab  scientific  facility  for  the  US  Space 

modules  with  a  total  mass  of  about  420  metric  Transportation  System.  During  1993-1994  two 

tons  and  a  pressurized  volume  of  more  than  European  astronauts  representing  ESA  flew  on 

1 ,300  m®  (Figure  3.2).  The  overall  length  will  be  board  US  Space  Shuttles:  one  in  conjunction 

110  m  with  a  breadth  of  nearly  90  m.  with  a  Spacelab  mission  and  one  to  service  the 

Approximately  50  kW  will  be  generated  by  the  Hubble  Space  Telescope.  ESA’s  participation  in 

combined  US  and  Russian  solar  arrays.  The  the  International  Space  Station  program  will 

typical  crew  size  (between  visits  by  the  STS  or  ensure  an  expanding  role  for  ESA  in  manned 

Soyuz  TM  replenishments)  will  be  six.  The  space  flight  activities,  despite  the  cancellations 

station’s  orbit  will  be  on  average  400  km  high  at  in  the  Columbus  free-flyer  and  the  Hermes 

an  inclination  of  51.6°.  Table  3.1  and  Figure  3.3  spaceplane  projects.  In  addition,  ESA  is 

describe  more  fully  the  European  and  Asian  expected  to  begin  the  development  of  a  Crew 

contributions  to  the  International  Space  Station  Transport  Vehicle  (CTV)  and  an  Automated 

as  of  the  end  of  1994  (References  16-17).  Transfer  Vehicle  (ATV)  for  use  in  conjunction 

with  the  International  Space  Station. 

3.2  EUROPEAN  SPACE  AGENCY  Spacelab,  which  had  flown  on  1 0  STS 

The  stage  was  set  for  ESA’s  entry  into  missions  between  1983  and  1992,  completed 

manned  spaceflight  in  December,  1972,  with  a  five  more  successful  flights  during  1993-1994: 
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FIGURE  3.2  INTERNATIONAL  SPACE  STATION  AT  ASSEMBLY  COMPLETE.  YEAR  2002. 


two  ATLAS  (Atmospheric  Lab  for  Applications  five  Pallets  (only  2-  and  3-  Pallet  missions  have 

and  Science),  one  IML  (International  Micro-  been  conducted).  A  short  Module  configuration 

gravity  Laboratory),  one  SLS  (Spacelab  Life  (length  approximately  4.3  m)  was  part  of  the 

Sciences)  and  Spacelab-D2  for  Germany.  original  Spacelab  design  but  has  not  been 

Spacelab  is  actually  a  modular  system  which  is  implemented  (Reference  18). 

custom  configured  and  outfitted  for  each  Four  ESA  astronauts  had  flown  a  total  of 

specialized  mission  (Figure  3.4).  The  principal  seven  orbital  missions  by  the  end  of  1994. 

components  employed  to  date  are  the  Long  ESA’s  first  astronaut  and  a  veteran  of  two  STS 

Module  habitable  pressurized  compartment  missions,  Ulf  Merbold,  made  his  third  flight 

(approximately  8  metric  tons,  4  m  diameter;  and  under  the  Euromir  94  mission  in  1 994  on  the 

7  m  length),  the  exposed  equipment  Pallet  (725  Russian  Soyuz-TM  20  spacecraft,  including  a 

kg  base  mass,  4  m  diameter,  and  3  m  length),  month-long  stay  on  the  Mir  space  station 

and  the  pressurized  equipment  Igloo  (640  kg  (Section  3.8).  Wubbo  Ockels  flew  on  a  STS 

base  mass,  1.1  m  diameter,  and  2.4  m  height).  mission  in  1985  and  has  since  retired.  ESA’s 

On  manned  Spacelab  missions  the  Long  remaining  two  astronauts  were  both  active  in 

Module  can  be  flown  with  up  to  two  Pallets  (only  1 993-1 994  with  Claude  Nicollier  making  his 

non-Pallet  and  1 -Pallet  missions  have  been  second  flight  on  the  Hubble  servicing  mission 

conducted),  and  on  unmanned  flights  the  Long  (STS-61)  and  Jean-Francois  Clervoy  making 

Module  is  replaced  by  an  Igloo  and  as  many  as  his  first  trip  into  space  on  STS-66  for  the  ATLAS 
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TABLE  3.1  MAJOR  EURASIAN  ELEMENTS  OF  ISS. 


COUMTRY/ORG. 

ELEMENT 

EST.  MASS  (MT) 

UUNCH  VEHICLE 

UUNCH  YEAR 

RUSSIAN  FEDERATION 

RGB 

19.4 

PROTON-K 

1997 

SERVICE  MODULE 

20.7 

PROTON-K 

1998 

ACRV  (SOYUZ-TM) 

7.1 

SOYUZ-U2 

1998 

PROGRESSM 

7.3 

SOYUZ-U/U2 

1998 

PROGRES&M2 

12.8 

ZENIT-2 

1998 

UNIVERSAL  DOCKING  MODULE 

8.0 

ZENIT-2 

1998 

DOCKING  COMPARTMENT 

3.9 

SOYUZ-U 

1998 

SCIENCE  POWER  PUTFORM 

7.6,  6.8 

ZENIT-2 

1998,  1999 

SPP  SOLAR  ARRAYS 

7.6,  7.0 

ZENIT-2 

1999,  2001 

RESEARCH  MODULE  #1 

8.0 

ZENIT-2 

1999 

DOCKING  STOWAGE  MODULE 

8.0 

ZENIT-2 

2000 

RESEARCH  MODULE  #2 

8.0 

ZENIT-2 

2000 

UFE  SUPPORT  MODULE 

8,0 

ZENIT-2 

2000 

RESEARCH  MODULE  #3 

8.0 

ZENIT-2 

2001 

JAPAN 

JEM  PRESSURIZED  MODULE 

16.4 

STS 

2000 

JEM  EXPOSURE  FACILITY 

13.4 

STS 

2000 

ESA 

ATTACHED  PRESSURIZED  MODULE 

10.0 

ARAINE5 

2001 

NOTES: 

r4T  =  METRIC  TONS 

FGB  IS  BEING  PROCURED  BY  USA  AND  WILL  BECOME  AN  AMERICAN  ELEMENT 

ACRV,  PROGRESS-M,  AND  PROGRESS-M2  WILL  BE  n.OWN  NUMEROUS  TIMES;  DATE  INDICATES  FIRST  FUGHT 
TWO  MISSIONS  ARE  REQUIRED  FOR  BOTH  THE  SPP  AND  THE  SPP  SOUR  ARRAYS 


FIGURE  3.3  ELEMENT  BREAKDOWN  OF  INTERNATIONAL  SPACE  STATION. 
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MODULE 


FIGURE  3.4  BASIC  SPACELAB 
CONFIGURATION. 


3  Spacelab  mission.  A  Belgian  member  of 
ESA’s  ESTEC,  Dirk  Frimout,  was  also  a 
member  of  the  ATLAS  1  Spacelab  crew  on 
STS-45  (1992). 

Clervoy,  formerly  a  French  astronaut 
trainee,  was  the  first  of  ESA’s  1992  selection 
class  to  fly  in  space  (Reference  19).  Maurizio 
Cheli  (Italy)  is  scheduled  to  be  on  board  STS-75 
with  Nicollier  in  1996,  while  Thomas  Reiter 
(Germany)  was  chosen  for  the  second  ESA 
mission  to  the  Mir  space  station,  Euromir  95,  in 


1995.  Three  other  ESA  trainees  are  still 
awaiting  their  assignments:  Pedro  Duque 
(Spain),  Christer  Fuglesang  (Sweden),  and 
Maraine  Cheli-Merchez  (Belgium). 

Under  the  former  Freedom  Space  Station 
program,  ESA  had  committed  to  providing  the 
Columbus  attached  laboratory  with  a  mass  of 
up  to  23  metric  tons,  a  length  of  12  m,  and  a 
diameter  of  4.5  m.  Following  the  1 993  redesign 
of  the  International  Space  Station,  ESA 
revamped  their  proposed  contribution  to  the 
station,  now  called  the  Columbus  Orbital  Facility 
(COF),  primarily  to  reduce  cost.  The  module 
(Figure  3.5)  will  be  shorter  than  the  original 
design,  relying  heavily  on  the  Mini  Pressurized 
Logistics  Module  (MPLM)  being  produced  by 
Italy  for  the  US.  The  COF  is  now  expected  to 
have  an  initial  mass  of  only  1 0  metric  tons  with 
a  capacity  to  support  four  International 
Standard  Payload  Racks  (ISPRs)  and  will  be 
launched  by  an  Ariane  5  booster  in  2001. 
Formal  approval  for  the  construction  of  COF, 
along  with  details  of  the  final  design  were 
expected  in  1995  (References  20-27). 


FIGURE  3.5  ESA  CONCEPTS  FOR  COLUMBUS  ORBITAL  FACILITY,  ATV,  AND  CTV. 
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While  support  for  the  Columbus  program 
wavered  during  1993-1994,  renewed  efforts  to 
create  Ariane  5-compatible  manned  and 
unmanned  transports  to  service  the  space 
station  were  led  by  the  French.  Long-interested 
in  providing  an  assured  crew  return  vehicle  for 
the  space  station,  ESA  initiated  a  new  design 
effort  for  a  manned  spacecraft  called  the  Crew 
Transport  Vehicle  or  CTV  (Figure  3.6).  If 
developed,  the  1 0-metric-ton  CTV  could  carry  a 
crew  of  four  as  well  as  a  small  amount  of  cargo 
to  and  from  the  International  Space  Station.  The 
test  of  the  Atmospheric  Reentry  Demonstrator 
(ARD)  on  the  second  Ariane  5  mission 
(scheduled  for  1996)  will  set  the  stage  for  a 
possible  CTV  go-ahead  in  1997  with  an 
unmanned  maiden  flight  in  2001.  The  ARD  will 
have  a  mass  of  2.8  metric  tons,  a  diameter  of 
2.8  m,  and  a  height  of  2.4  m  and  will  be 
produced  by  a  team  led  by  Aerospatiale 
(References  21, 28-36). 

On  a  parallel  path,  ESA  has  been  designing 
an  Automated  Transfer  Vehicle  or  ATV  for 
several  years.  The  latest  design  of  the  ATV 
(Figure  3.7)  envisions  maximizing  the  use  of 
Ariane  5  hardware  to  create  a  simple  carrier 
with  both  pressurized  and  unpressurized 


FIGURE  3.6  PRELIMINARY  DESIGN 
FOR  ESA’S  CREW  TRANSPORT  VEHICLE. 


compartments  and  a  cargo  capacity  of  10  metric 
tons  or  more.  A  detailed,  18-month  definition 
phase  was  started  in  mid-1994.  Success  with 
the  ATV  is  expected  to  encourage  an  ESA 
decision  to  proceed  with  the  CTV  (References 
21  and  28). 

In  addition  to  the  Euromir  missions  of  1994 
and  1995,  ESA  and  the  Russian  Federation 
explored  several  areas  of  potential  collaboration 
during  1993-1994.  However,  most  of  these 
endeavors  were  associated  with  the  planned 
Mir  2  space  station  which  was  later  integrated 
into  the  International  Space  Station  program, 
and  consequently  most  of  the  efforts  have  been 
reoriented  or  abandoned.  ESA  and  the  Russian 
Federation  had  begun  work  on  the  design  of  a 
new  EVA  suit  (EVA  Suit  2000)  which  would  be 
available  near  the  turn  of  the  century  for  Mir  2 
and  the  now-canceled  Hermes  spaceplane. 
Other  activities  included  modernization  of  the 
Soyuz  TM  and  Progress  M  spacecraft,  the 
development  of  a  space  station  database 
management  system,  and  the  manufacture  of 
an  external  robotic  arm.  The  last  two  concepts 
remain  candidates  for  the  international  Space 
Station  (References  21, 37-44). 


FIGURE  3.7  PRELIMINARY  DESIGN  FOR 
ESA’S  AUTOMATED  TRANSFER  VEHICLE. 
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3.3  FRANCE 

Between  1982  and  1994  five  Frenchmen 
flew  on  six  orbital  missions  conducted  by  the 
US  or  the  USSR/Russian  Federation  (Appendix 
3).  All  but  one  of  these  flights  were  nationally 
sponsored,  whereas  the  last  in  1994  was  under 
the  auspices  of  ESA.  France  was  the  originator 
of  the  Hermes  spaceplane  concept  which  was 
adopted  and  later  abandoned  by  ESA  and  has 
been  the  principal  proponent  of  ESA’s  CTV  now 
under  consideration  for  manned  missions  in  the 
year  2002  or  beyond.  Meanwhile,  France  is 
preparing  for  two  final  short-duration  missions 
to  Mir  in  1996  and  1997,  respectively. 

France’s  first  astronaut,  Jean-Loop 
Chretien,  visited  the  Soviet  Salyut  7  space 
station  in  June,  1 982,  on  an  8-day  mission  and 
then  worked  on  board  Mir  for  23  days  during 
November-December,  1 988.  On  the  latter  mis¬ 
sion  Chretien  became  the  first  non-American/ 
non-Soviet  astronaut  to  perform  an  EVA.  In 
between  Chretien’s  missions,  Patrick  Baudry 
was  a  member  of  the  ST5-51G  crew  in  1985. 
During  July-August,  1992,  Michel  Tognini  spent 
nearly  two  weeks  on  board  Mir  under  the 
Antares  program,  which  was  followed  by  the  3- 
week  Altair  mission  to  Mir  of  Jean-Pierre 
Haignere  in  July,  1993  (Section  3.8). 
Representing  ESA,  Frenchman  Jean-Francois 
Clervoy  flew  on  board  STS-66  in  1994 
(References  45-46). 

Current  plans  call  for  Claudie  Andre- 
Deshays  to  visit  Mir  in  1996  on  board  Soyuz 
TM-24  and  for  Leopold  Eyharts  to  follow  suit  on 
Soyuz  TM-27  in  1 997.  Both  flights  will  last  only 
about  two  weeks.  The  proposed  decommission¬ 
ing  of  the  Mir  space  station  in  late  1997  or  1998 
will  probably  negate  earlier  plans  for  another 
French  mission  to  a  Russian  space  station  late 
in  the  decade  (References  47-49). 

3.4  GERMANY 

Excluding  the  former  Soviet  Union, 
Germany  can  boast  of  the  largest  number  of 
astronauts  in  Europe  and  Asia.  By  the  end  of 
1994  seven  German  nationals  had  flown  in 
space:  six  on  German-sponsored  missions  on 
the  US  STS  or  Russian  space  stations  and  one 
as  a  representative  of  ESA  (Appendix  A3). 
Germany’s  experience  with  manned  space  flight 
dates  back  to  1978  when  East  German 
cosmonaut  Sigmund  Jahn  became  the  third 
foreign  national  to  visit  a  Soviet  space  station 


(Salyut  6).  Moreover,  five  of  these  astronauts 
are  physicists  by  profession  rather  than  the 
more  common  pilot  or  engineer.  During  1 993- 
1994  the  second  German  Spacelab  mission, 
Spacelab  D2,  was  conducted  with  the 
assistance  of  two  rookie  German  astronauts, 
and  Ulf  Merbold  completed  his  third  flight  in 
space  for  ESA  under  the  Euromir  94  project. 

A  strong  supporter  of  ESA’s  Spacelab 
program,  Germany  is  the  only  ESA  member  to 
underwrite  a  dedicated  Spacelab  flight.  The 
Challenger  accident  which  occurred  only  a  few 
months  after  the  successful  Spacelab  D1  of 
October-November,  1985,  with  two  German 
astronauts,  delayed  the  continuation  of  such 
missions  from  1988  until  1993.  Spacelab  D2, 
with  German  astronauts  Hans  Schlegal  and 
Ulrich  Water  accompanied  by  five  NASA 
astronauts,  was  launched  on  26  April  1993  for 
an  intensive  10-day  mission  of  scientific 
studies.  Figure  3.8  illustrates  the  primary 
facilities  available  to  the  crew,  amounting  to  a 
payload  mass  of  approximately  6.5  metric  tons. 
Materials  science  and  biological  science 
experiments  constituted  the  majority  of  planned 
activities,  but  Earth  observation,  atmospheric 
physics,  astronomy,  and  technology  research 
programs  were  also  undertaken.  Noteworthy 
experiments  included  the  Robotic  Technology 
Experiment  (ROTEX),  Modular  Optical 
Multispectral  Scanner  02  (MOMS  02),  Galactic 
Ultra-wideangle  Schmidt  System  (GAUSS), 
Atomic  Oxygen  Exposure  Tray  (AOET), 
Holographical  Optical  Laboratory  (HOLOP),  and 
Statolithic  Experiment  II  (STATEX  II) 
(References  50-53). 

While  a  third  German  Spacelab  mission 
was  considered,  no  commitments  have  been 
made,  and  the  prospect  is  now  unlikely. 
German  man-related  activities  will  probably  be 
restricted  to  international  STS  missions  like  IML 
or  ESA-sponsored  flights.  Germany  will 
continue  its  leadership  of  ESA’s  participation  in 
the  International  Space  Station  program.  Earlier 
plans  to  create  a  manned  space  transportation 
system  Sanger/HORUS  (Hypersonic  Orbital 
Reusable  Upper  Stage)  have  been  deferred 
indefinitely  (Section  2.2). 

3.5  KAZAKHSTAN 

Although  Kazakhstan  has  yet  to  establish  a 
formal  man-in-space  program.  Five  of  its 
natives  have  flown  in  space,  accumulating  more 
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The  experimental  facilities 
inside  Spacelab  are  contained 
in  racks,  similar  in  concept  to 
those  used  in  ground  labora- 


A 

SYSTEM  RACK 

-  on-board  TV  system 

-  water  cooling  system 

-  vacuum  measurement  system 

-  cooler  for  BIOLABOR 
(see  H) 


B 

ROTEX  RACK 
(Robotic  Technology 
Experiment) 

-  remote  controlled  robot  arm 

-  working  cell 


MATERIAL  SCIENCES 
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-  High  Temperature  Ther¬ 
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-  Isothermal  Heating  Furnace 

-  Fluid  Physics  Module 
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-  Spacelab  system  parts 

-  Dosimeter  for  cosmic  radia- 


EXPERIMENT  RACK 

-  Baroreflex  (Blood  pressure 
equipment  with  cardiac 
reflex  measurement) 

~  Microgravity  measurement 
apparatus 

-  Stowage  space  for  small 
parts 


EXPERIMENT  RACK 

-  Holographic  Interferometer 
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-  Video  Monitor 
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ment  Systems  MEDEA 

-  Blood  Sample  Instrumenta-  (Material  Sciences  Experiment 

tion  Double-rack  for  Experiment 
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-  -  Gradient  Furnace  with  fast 

H  sample  cooling 

BiOLABOR  -  High  Precision  Thermostat 

-  Electrofusion  of  Cells 

-  Cell  Cultivation 

-  Botany  Experiments 

-  Zoological  Experiments 


L  P 
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O 
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FIGURE  3.8  SPACELAB  LAYOUT  FOR  GERMAN  SPACELAB  D2  MISSION. 


than  650  man-days  of  experience.  T.O. 
Aubakirov  in  1991  was  the  fourth  Kazakh  to  be 
launched  into  space  but  was  the  first  to  officially 
represent  his  homeland  rather  than  the  Soviet 
Union  in  general  (Appendix  3).  Two  Kazakh 
astronauts,  T.A.  Musabayev  and  A.S. 
Viktorenko,  conducted  missions  on  the  Mir 
space  station  during  1 994  under  the  Soyuz  TM- 
1 9  and  Soyuz  TM-20  programs,  respectively. 
Specific  activities  and  achievements  of  these 
Kazakh  astronauts  are  summarized  in  Section 
3.8. 

3.6  JAPAN 

Japan’s  entrance  into  manned  space  flight 
is  following  the  road  pioneered  by  its  European 
allies:  initial  missions  on  foreign  spacecraft, 
participation  in  the  International  Space  Station 
program,  and  preliminary  research  on  the 
development  of  a  small,  reusable  spaceplane. 
Three  Japanese  have  flown  in  space,  but  in 
general  national  support  in  Japan  for  manned 
activities  has  not  yet  matched  that  of  Europe.  A 
piloted  version  of  the  HOPE  space 


transportation  system  still  awaits  government 
approval. 

Although  the  first  Japanese  astronaut, 
T.  Akiyama,  flew  a  mission  to  the  Mir  space 
station  in  late  1990  (Soyuz  TM-11),  this  was  a 
purely  commercial  venture,  like  the  UK  mission 
five  months  later,  and  did  not  enjoy  government 
backing.  The  first  officially  sanctioned  Japanese 
manned  space  flight  occurred  in  September, 
1992,  on  the  US  STS  under  the  Spacelab  J 
program,  analogous  to  the  German  Spacelab  D 
flights.  The  8-day  Spacelab  J  mission  with 
astronaut  M.  Mohri  was  primarily  devoted  to 
conducting  material  sciences  and  life  sciences 
experiments.  Japan  also  played  a  major  role  in 
organizing  the  International  Microgravity 
Laboratory  program  which  first  flew  on  the  US 
STS  in  1992  and  was  repeated  in  1994.  The 
latter  mission  included  Dr.  Chiaki  Naito-Mukai 
as  a  payload  specialist  and  the  first  Japanese 
female  astronaut  on  the  15-day  flight.  A 
medically  oriented  STS  mission  with  a 
Japanese  astronaut  is  tentatively  scheduled  for 
February,  1998.  Meanwhile,  Koichi  Wakata  will 
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be  a  member  of  the  STS-72  crew  in  1995  on  a 
mission  to  retrieve  the  Japanese  Space  Flyer 
Unit  (References  54-55). 

The  Japanese  Experiment  Module  (JEM) 
was  designed  to  serve  as  one  of  the  four 
primary  sections  of  the  Freedom  Space  Station 
and  has  remained  essentially  unchanged  in  the 
current  design  for  the  International  Space 
Station.  JEM  is  actually  a  complex  facility 
consisting  of  a  Pressurized  Module,  Experiment 
Logistics  Modules  (Pressurized  Section  and 
Exposed  Section),  an  Exposed  Facility  platform, 
an  air-lock,  and  a  remote  manipulator  arm 
(Figure  3.9).  The  Experiment  Logistics  Modules 
and  the  Exposed  Facility  are  specifically 
designed  to  be  replaced  periodically  to  allow  a 
diverse  and  evolutionary  scientific  experimenta¬ 
tion  program.  Under  current  plans  JEM  will  be 
delivered  to  the  International  Space  Station  in 
parts  in  the  year  2000.  When  fully  assembled, 
the  module  will  probably  possess  a  mass  in 
excess  of  30  metric  tons.  The  engineering 
model  of  JEM  was  already  under  construction 
by  the  end  of  1992,  and  in  December,  1993,  the 
Space  Station  Test  Building  was  completed. 
Thermal  tests  on  the  structural  model  of  JEM’s 
Exposed  Facility  began  in  July,  1 994.  NASDA  is 
managing  the  JEM  program  with  the  assistance 
of  prime  contractor  Mitsubishi  Heavy  Industries. 
The  Japan  Manned  Space  Systems  consortium 
has  also  been  formed  to  promote  a  long-term 
presence  in  space  (References  56-64). 

NASDA  had  planned  to  make  HOPE  a  vital 
part  of  JEM’s  logistical  infrastructure.  Launched 
by  the  H-ll  booster,  HOPE  (Section  2.6)  would 
deliver  new  equipment  to  the  space  station  and 
return  with  the  fruits  of  scientific  experiments. 


Exposed  logistic  section 


FIGURE  3.9  JAPANESE  EXPERIMENT 
MODULE  FOR  ISS. 


This  scenario  is  still  possible  if  the  program  is 
approved  later  in  the  decade,  but  a  manned 
version  of  the  spaceplane  is  unlikely  until  about 
201 0  or  later. 

3.7  PEOPLE’S  REPUBLIC  OF  CHINA 

Since  the  late  1970’s  the  PRC  has  seriously 
planned  for  the  eventual  flight  of  Chinese 
astronauts,  but  shifting  program  priorities  have 
resulted  in  only  preliminary  work  in  the  areas  of 
spacecraft  design  and  space  medicine.  Small 
teams  of  Chinese  have  undergone  some 
astronaut  training,  and  designs  for  manned 
spacecraft  ranging  from  simple  capsules  to 
space  shuttles  to  space  stations  have  all  been 
drawn  up.  The  1984  prospect  of  a  Chinese 
astronaut  flying  on  the  US  Space  Shuttle  never 
materialized  (Reference  65). 

A  1978  decision  to  embark  on  a  Chinese 
manned  space  program  was  short-lived, 
although  astronaut  training  and  space  suit 
design  were  initiated  (References  66-70).  By 
the  mid-1980’s  PRC  began  to  talk  about 
building  a  manned  Chinese  space  station  in 
apparent  competition  with  the  US  and  the 
USSR  programs  (References  71-76).  Although 
discussions  of  sophisticated  space  shuttles 
were  offered,  the  near-term  goal  appeared  to  be 
a  Gemini-class  capsule  launched  by  an 
expendable  booster  with  a  crew  of  2-4 
astronauts.  In  1 994  the  PRC  held  discussions 
with  Russian  aerospace  officials  for  the  purpose 
of  acquiring  Soyuz  technology  to  be  adapted  to 
a  Chinese  recoverable  capsule  for  launch  by  a 
CZ-2E  booster,  perhaps  as  early  as  the  year 
2002.  The  launch  site  may  be  a  new  facility 
reported  in  1992  to  be  under  construction  200 
km  from  Jiuquan  (References  77-82). 

The  PRC  has  also  renewed  its  interest  in 
joining  the  International  Space  Station,  although 
such  cooperation  is  unlikely  before  the  facility 
reaches  its  initial  full  operational  capability  in 
2002  (References  83-84).  Plans  for  a  Sanger- 
class,  two-stage  manned  space  shuttle  were 
under  development  in  the  early  1 980’s,  but  the 
demanding  program  does  not  appear  to  have  a 
high  priority  (Reference  85). 

3.8  RUSSIAN  FEDERATION 

The  Mir  space  station  program  celebrated 
its  eighth  anniversary  of  orbital  operations  in 
1994  amid  growing  international  interest  in 
exploiting  the  facility  before  construction  of  the 
International  Space  Station  begins  in  late  1997. 
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In  fact,  Phase  1  of  the  ISS  program  revolves 
around  seven  missions  during  1995-1997  when 
a  US  Space  Shuttle  will  dock  with  the  Mir  space 
station.  Meanwhile,  ESA  and  French  missions 
to  Mir  will  continue  under  separate  agreements. 
The  Mir  program  is  now  set  for  termination  in 
1998  but  may  be  extended. 

The  Mir  core  module  has  been  in  Earth  orbit 
since  February,  1986,  and  by  the  end  of  1994 
had  exceeded  its  original  design  life.  The 
vehicle  is  13.1  m  long  with  a  maximum  diameter 
of  4.2  m  and  an  initial  mass  of  20.4  metric  tons. 
The  habitable  volume  is  approximately  90  m^, 
and  the  two  main  solar  arrays  were  augmented 
in  1987  with  a  third,  deployed  array  for  a  total 
power  capacity  of  10.1  kW,  although  environ¬ 
mental  effects  have  reduced  this  value.  The 
basic  outward  configuration  of  Mir  was  similar  to 
that  of  Salyut  6  and  Salyut  7,  but  the  forward 
transfer  compartment  of  Salyut  was  replaced 
with  a  5-port  docking  module  on  Mir.  Internally, 
many  design  changes  and  system  improve¬ 
ments  were  incorporated. 

Space  station  logistical  and  upgrade 
requirements  have  been  met  with  three  classes 
of  spacecraft:  crew  ferries  (Soyuz  T  and  Soyuz 
TM),  unmanned  cargo  ships  (Progress  and 
Progress  M),  and  large  specialized  modules 
(Kvant  and  Kristall).  By  the  end  of  1994,  Mir  had 
received  one  Soyuz  T,  20  Soyuz  TM,  18 
Progress,  and  25  Progress  M  spacecraft  as  well 
as  three  large,  permanent  modules:  Kvant  1 , 
Kvant  2,  and  Kristall.  Impressively,  all  68  of 


these  spacecraft,  representing  about  540  metric 
tons,  were  launched  successfully  and  achieved 
their  primary  objectives  of  docking  and  crew 
and  cargo  deliveries. 

Designed  and  manufactured  by  RKK 
Energiya,  the  Soyuz  TM  is  capable  of  carrying 
three  cosmonauts  and  has  a  gross  weight  of 
just  over  seven  metric  tons,  a  length  of  seven 
meters,  and  a  maximum  diameter  of  2.7  m 
(Figure  3.10).  The  spacecraft  consists  of  three 
main  sections:  the  orbital  module,  the  command 
and  reentry  module,  and  the  service  module. 
Two  solar  arrays  (10.6  m  span)  provide 
electrical  power  for  the  typical  50-hour  journey 
to  Mir  and  can  be  interconnected  with  the  space 
station’s  electrical  system  to  furnish  an 
additional  1 .3  kW.  The  nominal  flight  time  for  a 
Soyuz  TM  spaceship  is  5-6  months  (References 
86-90). 

Since  the  cargo  capacity  of  a  manned 
Soyuz  TM  is  limited  to  only  a  few  hundred 
kilograms,  a  more  efficient  logistics  vehicle  was 
designed  for  support  operations  to  Mir. 
Progress  M  (maiden  flight  in  August,  1989)  is  a 
“modernized”  version  of  the  original  Progress 
cargo  freighter  (1 978-1 990)  which  flew  43  times 
(including  Kosmos  1669)  without  a  docking 
failure.  Derived  from  Soyuz  TM,  Progress  M  has 
a  launch  mass  of  approximately  7.3  metric  tons 
and  a  length  of  8.2  m. 

Whereas  the  service  module  is  essentially 
the  same  as  the  one  used  by  Soyuz  TM,  the 
central  module  is  designed  for  carrying 


SOLAR  PANEL 


INSTRUMENT  COMPARTMENT 


COMMAND  AND 
REENTRY  MODULE 


ATTITUDE  CONTROL 
SYSTEM  ENGINES 


TELEMETRY  SYSTEM 
ANTENNA 


RENDEZVOUS  AND 
DOCKING  SYSTEM 
ANTENNAS 


TV  CAMERA 


ORBITAL  MODULE 


OPTICAL  VIEWER 


RENDEZVOUS  SYSTEM 
ANTENNA 


MAIN  PROPULSION 
SYSTEM 


FIGURE  3.10  SOYUZ  TM  SPACECRAFT. 
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FIGURE  3.11  PROGRESS  M  SPACECRAFT. 


propellants,  air,  and  water,  while  dry  cargo  is 
stored  in  the  forward,  nearly  spherical 
compartment  (Figure  3.11).  Continual 
improvements  to  the  spacecraft  have  increased 
the  total  payload  cargo  to  2.7  metric  tons, 
although  the  use  of  the  Soyuz-U  launch  vehicle 
instead  of  the  Soyuz-U2  since  mid-1993  has 
generally  limited  the  cargo  capacity  to  2.5 
metric  tons.  Progress  M  was  originally  rated  for 
30  days  independent  flight  and  up  to  180  days 
attached  to  Mir.  During  1993-1994  Progress  M- 
17  established  new  records  with  a  131 -day  stay 
at  Mir  and  a  total  flight  time  of  337  days. 
Although  Progress  M  spacecraft  are  destroyed 
during  reentry,  beginning  in  1 990  (Progress  M- 
5)  a  small  Raduga  recoverable  capsule 
(payload  capacity  of  150  kg)  has  been  used  on 
about  every  other  mission  (References  87,  89- 
95). 

With  the  advent  of  the  Mir  space  station  in 
1 986,  a  new  requirement  for  permanent  expan¬ 
sion  of  the  orbital  complex  was  set.  In  1987 
Kvant  1 ,  a  specialized  module  left  over  from  the 
Salyut  7  program,  was  attached  to  Mir  not  only 
to  provide  a  complex  set  of  scientific  equipment 
(the  international  Roentgen  X-ray  Observatory 
consisting  of  the  HEXE,  Pulsar  X-1,  Sirene-2, 
and  TTM  instruments;  the  Glasar  UV  telescope; 
and  the  Svetlana  electrophoresis  unit)  but  also 
to  enhance  space  station  support  systems,  in 
particular  attitude  control  via  six  large 
gyrodynes.  When  attached  to  the  aft  docking 
port  of  Mir,  Kvant  1  measured  5.8  m  in  length 
and  4.2  m  in  diameter  with  an  initial  mass  of  1 1 
metric  tons  (References  87,  89-90,  96-97). 

The  four  forward  radial  ports  were  reserved 
for  full-size  modules  of  about  19.6  metric  tons 
each.  The  highly  specialized  modules  were  built 


at  the  Khrunichev  Machine  Building  plant  for  the 
Energiya  NPO,  now  RKK  Energiya.  Kvant  2, 
which  was  attached  in  1 989,  was  also  known  as 
the  additional  equipment  module  in  accordance 
with  its  wide  variety  of  new  systems.  Perhaps 
the  most  important  feature  of  the  new  module 
was  the  unique  air-lock  chamber  with  an 
enlarged  (1  m  diameter)  exit  hatch.  In  addition, 
the  12.4  m  long,  4.4  m  diameter  Kvant  2  housed 
the  following  major  equipment: 

•  Six  gyrodynes 

•  MKF-6MA  multi-spectral  camera  system 

•  ITS-7D  infrared  spectrometer 

•  MKS-M2  optical  spectrometer 

•  KAP-350  Topographic  camera 

•  ARIS  X-ray  sensor 

•  Inkubator  2  hatchery 

•  Rodnik  water  system 

•  Elektron  and  Vika  electrolysis  units 

•  ASP-G-M  exterior  instrument  platform. 

Less  exotic  but  equally  important  are  Kvant 

2's  two  solar  arrays  with  a  capacity  of  6.7  kW  at 
beginning  of  life  (References  87,  89-90,  98- 
103). 

Six  months  after  the  arrival  of  Kvant  2,  the 
Kristall  module  became  the  newest  component 
of  the  Mir  complex.  Kristall  possessed  the  same 
mass  and  diameter  as  Kvant  2  but  was  a  little 
shorter  at  1 1 .9  m.  In  place  of  the  Kvant  2  air¬ 
lock  chamber,  Kristall  was  equipped  with  a  new 
multiple  docking  adapter  employing  two  APAS- 
89  androgynous  ports  for  mating  with  the  Buran 
space  shuttle  and  a  new  model  of  Soyuz  TM. 


FIGURE  3.12  MIR  SPACE  STATION 
CONFIGURATION,  JANUARY,  1993. 
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The  primary  scientific  payload  was  devoted  to 
microgravity  research  and  is  described  in  more 
detail  in  Section  4.4.7.  Kristall  also  carried  the 
Priroda  5  high  resolution  camera  and  the  Svet 
greenhouse  for  botanical  research.  The  two 
solar  arrays  on  Kristall  were  of  a  new  design 
with  a  total  8.4  kW  capacity,  variable 
deployment  positioning,  and  the  ability  to  be 
removed  and  relocated  to  another  part  of  the 
space  station  (References  87,  89-90). 

By  the  end  of  1 990  the  Mir  space  station’s 
normal  configuration  consisted  of  six  linked 
spacecraft:  Mir,  Kvant  1,  Kvant  2,  Kristall,  a 
Soyuz  TM,  and  a  Progress  M.  Together  they 
boasted  a  total  mass  of  about  90  metric  tons 
and  a  habitable  volume  of  270  m^.  With  further 
additions  installed  during  EVAs,  the  complex  at 
the  end  of  1992  appeared  as  shown  in 
Figure  3.12.  Detailed  interior  drawings  of  the 
four  main  modules  are  presented  in 
Figures  3.13  and  3.14  (Reference  108). 


3.8.1  1993  Operations 

As  the  new  year  of  1993  dawned,  the 
twelfth  expedition  to  Mir  was  drawing  to  a  close. 
Cosmonauts  Anatoli  Y.  Solovyev  and  Sergei  V. 
Avdeyev  had  docked  their  Soyuz  TM-15 
spacecraft  at  Mir  on  29  July  1992  along  with 
French  cosmonaut  M.  Tognini,  who  had 
returned  to  Earth  on  10  August  1992  with  the 
Soyuz  TM-14.  Also  attached  to  Mir  was  the 
Progress  M-15  cargo  spacecraft  which  had 
arrived  at  the  space  station  on  29  October 
1992.  The  entire  complex  was  circling  the  Earth 
at  a  mean  altitude  of  395  km  with  an  orbital 
inclination  of  51.6°.  The  schedule  for  1993 
drawn  up  by  the  Russian  Space  Agency  called 
for  three  new  expeditions  as  well  as  five 
Progress  M  logistical  missions  (Reference  109). 

During  the  first  three  weeks  of  January, 
Solovyev  and  Avdeyev  conducted  a  variety  of 
geophysical  and  astrophysical  observations  and 
refueled  the  Mir  core  module  with  propellants 
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FIGURE  3.13  LAYOUT  OF  MIR  AND  KVANT  1  MODULES. 


from  Progress  M-15.  Meanwhile,  final 
preparations  were  being  made  on  Earth  for  the 
launch  of  the  Soyuz  TM-16  spacecraft. 
Commander  Gennady  Manakov,  a  veteran  of 
the  5-month  Soyuz  TM-10  mission,  and  Flight 
Engineer  Aleksandr  Poleshchuk,  a  rookie 
cosmonaut,  arrived  at  the  Baikonur  Cosmo¬ 
drome  on  1 1  January  along  with  their  backup 
crew.  The  launch  of  Soyuz  TM-16  occurred  on 
schedule  on  24  January  with  a  planned  docking 
at  Mir  49.5  hours  later  (References  110-113). 

Soyuz  TM-16  differed  from  all  its  15 
predecessors  by  being  equipped  with  the  new 
APAS-89  (Androgynous  Peripheral  Docking 
Assembly)  system  designed  specifically  for 
docking  with  the  forward  port  of  the  Kristall 
module.  The  device  had  originally  been  created 
to  permit  dockings  between  the  Mir  space 
station  and  the  Buran  space  shuttle,  and  a 
Soyuz  TM  test  flight  had  been  repeatedly 
delayed  since  1991.  Although  Buran  was 
destined  to  never  fly  again,  the  test  of  the 


APAS'89  system  was  vital  to  the  proposed 
matings  of  Mir  with  US  Space  Shuttles. 

As  Soyuz  TM-16  approached  to  within  150 
m  of  the  Mir  space  station  on  the  morning  of  26 
January  Manakov  and  Poleshchuk  disengaged 
the  automatic  rendezvous  and  docking  system 
to  assume  manual  control  during  the  final  few 
minutes.  The  spacecraft  was  slowly  brought  to 
within  70  meters  where  a  final  maneuvering 
system  check-out  and  visual  survey  of  the 
Kristall  port  were  performed.  Approval  for 
docking  was  then  given,  and  Soyuz  TM-16 
docked  without  incident  several  minutes  ahead 
of  schedule.  Not  only  had  a  spacecraft  docked 
successfully  with  the  special  Kristall  port,  but 
also  the  Mir  complex  for  the  first  time  consisted 
of  seven  linked  vehicles  with  a  mass  of  approxi¬ 
mately  100  metric  tons  (References  111, 113- 
115). 

For  the  next  six  days  the  four  cosmonauts 
were  busy  engaged  in  the  traditional  handover 
tasks  and  preparing  the  Soyuz  TM-15 


spacecraft  for  its  return  to  Earth.  A  Rezonans 
experiment  was  conducted  to  evaluate  the 
dynamic  and  structural  characteristics  of  the 
new  Mir  configuration,  and  Solovyev  and 
Avdeyev  spent  time  wearing  the  Chibis 
pneumatic  suit  designed  to  improve  circulation 
in  the  lower  extremities  prior  to  going  home. 
After  loading  Soyuz  TM-is  with  experimental 
results  and  personal  effects,  Solovyev  and 
Avdeyev  entered  their  spacecraft,  closed  the 
hatches  to  Mir,  and  undocked  precisely  at  the 
stroke  of  midnight  (GMT)  on  the  morning  of  1 
February.  Three  hours  and  48  minutes  later  the 
duo  had  safely  landed  after  a  mission  of  nearly 
187  days  (References  116-117). 

The  Soyuz  TM-15  post-mission  review  high¬ 
lighted  the  achievements  of  the  twelfth  expedi¬ 
tion  which  included  four  spacewalks  (three  for 
the  installation  of  an  attitude  control  unit  on  the 
Sofora  girder)  and  experiments  in  a  wide  range 
of  scientific  disciplines.  Of  particular 
significance  was  the  hatching  of  quail  eggs  in 
the  Incubator-2  facility.  On  the  other  hand,  the 
delay  in  launching  the  remaining  two  modules, 
Spektr  and  Priroda,  to  Mir  and  the  increasingly 
frequent  equipment  breakdowns  on  the  space 
station  were  also  acknowledged  as  limiting  the 
potential  of  the  Russian  man-in-space  program. 
The  new  Soyuz  TM-16  mission  was  assigned 
only  moderate  objectives,  including  up  to  three 
EVAs  and  the  reception  of  three  unmanned 
Progress  M  spacecraft.  However,  only  a  few 
days  after  assuming  command  of  Mir,  Manakov 
and  Poleshchuk  were  to  initiate  an  experiment 
of  extreme  scientific  and  engineering  interest 
(References  118-120). 

After  a  stay  of  97  days.  Progress  M-15  was 
undocked  from  the  Kvant  1  aft  port  early  on  4 
February,  setting  the  stage  for  two  final  tasks. 
Twelve  minutes  after  undocking  and  still  at  a 
distance  of  only  160  m,  the  Znamya  (Banner)  2 
solar  reflector  experiment  commenced  with  the 
3-minute  unfurling  of  a  20-m  diameter,  circular 
Kevlar  sheet  from  a  special  unit  attached  to  the 
forward  end  of  Progress  M-15.  An  initial  spin- 
rate  of  95  rpm  (later  reduced  to  14  rpm)  kept  the 
eight  triangular  sections  relatively  flat,  forming  a 
nearly  uniform  disk.  The  spacecraft  was  then 
reoriented  to  begin  the  “New  Light”  experiment 
four  hours  and  15  minutes  after  undocking  and 
12.1  km  from  Mir.  For  six  minutes  the  reflector 
projected  a  spot  up  to  30  km  in  diameter  onto 
the  Earth,  but  the  experiment  was  abruptly 
terminated  when  Progress  M-15  crossed  the 


terminator  into  the  sunlight  portion  of  the  Earth 
(Figure  3.15).  Within  minutes  the  Znamya 
apparatus  was  ejected  from  the  spacecraft  to 
permit  another  experiment  the  following  day. 
Future  experiments  involving  protracted 
illumination  of  regions  of  the  Earth  and  solar  sail 
propulsion  have  been  proposed,  although  fund¬ 
ing  appears  to  be  lacking  (References  116, 
121-130). 

On  5  February  Progress  M-15,  under  com¬ 
mand  of  the  Flight  Control  Center  (FCC  or 
TsUP)  outside  Moscow,  was  maneuvered  back 
toward  the  Mir  space  station.  At  a  distance  of 
200  m  the  cosmonauts  on  Mir  took  control  of 
the  cargo  craft  with  a  new  teleoperator  system 
and  practiced  guiding  the  spacecraft  manually. 
Unbeknownst  to  Mir  program  managers,  this 
successful  test  would  later  be  highly  valuable. 
Finally,  on  7  February  Progress  M-15,  its 
mission  now  over,  was  commanded  to  de-orbit 
after  which  it  was  destroyed  during  reentry  into 
the  atmosphere  (Reference  131). 

For  the  next  two  weeks  Manakov  and 
Poleshchuk  tended  to  less  dramatic  chores  and 
experiments,  including  medical  checks  and 
exposures  of  materials  to  outer  space.  A  new 
resupply  spacecraft.  Progress  M-16,  was 


FIGURE  3.15  SCHEMATIC  DIAGRAM  OF 
ZNAMYA  EXPERIMENT. 


112 


launched  on  21  February,  docking  with  the 
Kvant  1  aft  port  on  schedule  two  days  later  with 
nearly  2.6  metric  tons  of  needed  material. 
During  the  following  four  weeks  the  Mir  crew 
performed  a  series  of  maintenance  tasks, 
including  the  replacement  of  a  faulty  air- 
conditioning  unit  and  a  communications  system 
regulating  contact  with  the  Luch  geostationary 
data  relay  satellite,  work  on  the  atmospheric 
water  extraction  system,  and  installation  of  new 
gyrodyne  stabilizers  in  the  Kvant  2  module. 
Meanwhile,  propellant  was  transferred  from 
Progress  M-16  to  Mir,  and  the  former’s 
propulsion  system  was  used  to  make  the  first  of 
several  orbital  maneuvers  for  the  space  station 
during  the  1993-1994  period  (Figure  3.16) 
(Reference  132). 

To  expand  upon  the  experience  in  remote 
control  of  a  Progress  M  spacecraft  gained 
during  February,  Progress  M-16  was  undocked 
on  the  morning  of  26  March.  Once  again  the 
cosmonauts  took  control  of  the  robot  vehicle, 
first  backing  it  away  from  the  orbital  laboratory 
to  a  distance  of  70  m  and  then  guiding  the 
spacecraft  to  a  redocking  with  Kvant  1  after  only 
17  minutes.  The  following  day  Progress  M-16 
was  undocked  again  under  the  control  of 
Manakov  and  Poleshchuk,  but  control  was 
quickly  passed  to  the  TsUP  which  commanded 
the  vehicle  into  a  destructive  reentry  into  the 
atmosphere  (Reference  133). 

Flight  control  managers  rarely  leave  Mir 
unattended  by  a  Progress  M  spacecraft,  so  the 
launch  of  Progress  M-17  on  31  March  and  its 
docking  with  Kvant  1  on  2  April  were  routine. 
The  next  major  event  on  board  Mir  occurred  on 


19  April  when  Manakov  and  Poleshchuk 
conducted  their  first  EVA  of  the  mission.  The 
objective  was  to  transfer  a  solar  array  drive 
from  the  Kristall  module  to  Kvant  1  in 
preparation  for  the  later  transfer  of  the  entire 
solar  array,  a  project  which  was  already  years 
behind  schedule.  The  spacewalk,  planned  for  a 
4  hr  57  min  duration,  started  well  but  ran  into 
several  problems. 

The  solar  array  drive  was  transferred  with 
the  aid  of  the  Strela  crane,  but  the  cosmonauts 
experienced  difficulty  in  completely  installing 
the  unit  in  its  new  location  on  Kvant  1. 
Poleshchuk’s  space  suit  was  also  indicating  a 
problem  in  the  ventilation  system.  Finally 
achieving  their  task,  the  two  cosmonauts  began 
returning  to  the  EVA  compartment  of  Kvant  2, 
only  to  discover  that  one  of  the  two  operating 
handles  for  the  Strela  crane  had  floated  away. 
The  EVA  was  safely  concluded  after  5  hr  25 
min,  but  future  EVAs  were  postponed  until 
either  a  makeshift  handle  could  be  devised  or  a 
new  handle  could  be  delivered  (References 
134-136). 

Activities  on  board  Mir  during  the  following 
month  were  uneventful,  and  a  replacement 
handle  could  not  be  improvised.  Therefore, 
when  the  next  resupply  ship.  Progress  M-18, 
was  launched  on  22  May  (three  days  behind 
schedule),  a  new  handle  for  the  Strela  crane 
was  on  board.  Progress  M-1 8  docked  with  the 
Mir  forward  port  on  24  May  while  Progress  M-17 
remained  attached  to  Kvant  1 ,  thus  marking  the 
first  time  that  two  Progress  spacecraft  had  ever 
been  docked  to  a  Soviet/Russian  space  station 
simultaneously.  The  reason  for  retaining 


FIGURE  3.16  1993-1 994  ORBITAL  HISTORY  OF  MIR  SPACE  STATION. 
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Progress  M-17  was  not  apparent  until  almost 
three  months  later.  In  addition  to  the  Strela 
handle  and  the  normal  supplies,  Progress  M-18 
also  carried  a  1*kg  aluminum  sculpture  entitled 
Cosmic  Dancer  under  a  commercial  agreement 
with  a  Swiss  non-profit  organization.  The  new 
Mir  visitor  was  also  the  first  Progress  M 
spacecraft  of  the  year  to  be  equipped  with  a 
Raduga  return  capsule  (References  137-140). 

With  the  Strela  replacement  part  now  in 
hand,  a  second  EVA  was  scheduled  for 
18  June.  This  time  all  went  well,  and  the  cosmo¬ 
nauts  were  able  to  fix  the  Strela  crane  and 
transfer  the  remaining  Kristall  solar  array  drive 
to  Kvant  1 .  In  fact,  the  entire  operation  lasted 
only  4  hr  33  min,  less  than  the  allocated  5 
hours.  For  the  rest  of  the  month,  Manakov  and 
Poleshchuk  were  engaged  in  routine  experi¬ 
ments  and  maintenance  as  they  awaited  the 
arrival  of  their  relief  crew  (References  141-143). 

The  Soyuz  TM-17  mission  was  to  be  the 
fourth  French  visit  to  a  Soviet/Russian  space 
station  and  would  allow  Air  Force  pilot  Jean- 
Pierre  Haignere  a  stay  of  nearly  three  weeks  on 
Mir.  In  charge  of  the  flight  was  Lt.  Col.  Vasiliy 
Tsibliyev  assisted  by  Flight  Engineer  Aleksandr 
Serebrov.  Tsibliyev  was  making  his  first  entry 


into  space,  while  his  Russian  comrade  was  a 
veteran  of  three  previous  missions.  Lift-off 
occurred  on  schedule  in  the  afternoon  of  1  July, 
and  a  normal  two-day  rendezvous  brought  the 
Soyuz  TM-1 7  spacecraft  to  the  vicinity  of  the  Mir 
complex  on  3  July  (References  143-147). 

Mission  managers  took  advantage  of  a  rare 
photo  opportunity  as  Soyuz  TM-17  approached 
the  space  station.  With  both  the  standard 
docking  ports  occupied  by  Progress  M  space¬ 
craft,  one  had  to  be  vacated  to  give  Soyuz  TM- 
17  a  berthing  space.  As  the  new  manned 
spacecraft  hovered  nearby.  Progress  M-18 
undocked  and  slowly  backed  away  from  the  Mir 
forward  port  (Figure  3.17).  Just  26  minutes 
later,  Soyuz  TM-17  had  successfully  docked  in 
its  place.  Progress  M-1 8  then  continued  in  inde¬ 
pendent  flight  for  another  day  before  returning 
to  Earth  in  a  destructive  reentry,  but  not  before 
releasing  its  small  Raduga  capsule  which  was 
retrieved  intact  in  the  designated  recovery 
region  in  Russia  (References  143, 148-149). 

This  short  French  mission  to  Mir  was  code- 
named  Altair  and  was  designed  to  conduct 
biomedical  and  technical  experiments,  including 
the  completion  of  two  experiments  started  by 
Haignere’s  fellow  countryman  M.  Tognini  the 


FIGURE  3.17  MIR  COMPLEX  ON  3  JULY  1993,  TAKEN  BY  SOYUZ  TM-1 7. 
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previous  year  (Soyuz  TM-15).  From  3  to  21  July 
the  five  cosmonauts  were  busily  engaged  in 
scientific  studies  and  the  preparation  of  the 
Soyuz  TM-16  spacecraft  for  its  return  home. 
Manakov,  Poleshchuk,  and  Haignere  departed 
Mir  in  the  early  morning  of  22  July  and  safely 
landed  140  km  east  of  Dzhezkazgan  in 
Kazakhstan  (References  150-152). 

The  14th  expedition  of  Mir  by  Tsibliyev  and 
Serebrov  was  originally  planned  to  last  only  147 
days  and  to  include  three  EVAs,  but  in  reality 
both  measures  were  increased.  In  early  August 
a  new  Progress  M  logistics  vehicle  was  being 
prepared  as  work  with  the  long-term  Progress 
M-17  resident  was  ending.  Progress  M-19  was 
launched  on  1 0  August,  and  to  make  room  for  it 
Progress  M-17  was  finally  undocked  on  11 
August  after  a  stay  of  131  days.  However, 
instead  of  being  recalled  to  Earth,  Progress  M- 
17  began  a  secondary  mission  of  verifying  the 
reliability  of  spacecraft  systems,  with  emphasis 
on  those  also  common  to  Soyuz  TM  spacecraft. 
When  the  International  Space  Station  is 
operational,  Soyuz  TM  spacecraft  will  serve  as 
Assured  Crew  Return  Vehicles  (ACRVs)  and 
will  need  design  lifetimes  of  at  least  one  year. 
Progress  M-1 7  was  maneuvered  into  an  orbit  1 8 
km  below  Mir  on  1 2  August,  the  day  Progress 
M-19  docked  with  the  space  station,  and  was 
allowed  to  decay  naturally  during  the  remainder 
of  the  year  (References  153-155). 

Just  as  Progress  M-17  and  Progress  M-19 
were  changing  places,  the  Mir  space  station 
was  battered  by  numerous  micrometeoroids 
originating  from  the  annual  Perseid  meteor 
shower  representing  the  remnants  of  Comet 
Swift-Tuttle.  Tsibliyev  and  Serebrov  retreated  to 
their  Soyuz  TM-17  spacecraft  and  closed  the 
hatches  to  permit  a  quick  getaway  if  the  station 
was  severely  damaged.  Although  a  large 
number  of  hits  on  the  station  were  noted,  the 
most  serious  effects  appeared  to  be  holes  in 
some  of  the  solar  arrays. 

The  next  noteworthy  event  on  Mir  came  a 
month  later  when  the  two  cosmonauts 
performed  a  pair  of  EVAs  to  erect  the  Rapana 
truss  on  the  Kvant  1  module.  Rapana  closely 
resembled  the  Sofora  girder  which  was  con¬ 
structed  in  1 991  but  was  shorter  with  an  exten¬ 
ded  length  of  only  5  m.  The  26-kg  structure  was 
designed  not  only  to  test  additional  space  con¬ 
struction  techniques  but  also  to  serve  as  a  site 
for  future  experiments,  particularly  the  exposure 
of  material  samples  to  the  near-Earth  space 


environment.  During  a  4  hr  18  min  EVA  on  16 
September  Tsibliyev  and  Serebrov  transferred 
the  stowed  Rapana  package  to  Kvant  1  and 
attached  it  to  a  base  platform.  Four  days  later 
the  duo  returned  to  erect  the  truss  and  to  attach 
the  first  experiment  cartridges  during  an  EVA 
lasting  3  hr  13  min  (References  156-160). 

After  resting  for  eight  days,  Tsibliyev  and 
Serebrov  prepared  for  their  third  and  last 
planned  EVA.  The  principal  objective  of  this  out¬ 
ing  was  simply  to  inspect  and  to  photograph  the 
exterior  of  the  complex  for  the  purpose  of  eval¬ 
uating  the  effects  of  seven  and  one-half  years  in 
the  harsh  space  environment.  Upon  exiting  the 
Kvant  2  EVA  compartment  the  cosmonauts 
attached  a  new  cassette  of  samples  for  more 
exposure  tests  and  retrieved  an  older  unit.  How¬ 
ever,  before  the  inspection  of  Mir  could  begin  in 
earnest  Tsibliyev’s  space  suit  began  to  over¬ 
heat.  Consequently,  the  EVA  was  terminated 
after  only  1  hr  52  min  without  accomplishing  the 
primary  task  (References  161-1 62). 

October  proved  to  be  a  significant  month  for 
the  Soyuz  TM-17  crew.  Early  in  the  month 
Russian  officials  announced  that  the  launch  of 
Soyuz  TM-18  had  been  postponed  until 
January,  1 994,  necessitating  an  extension  to 
the  current  mission.  The  reason  given  for  the 
change  of  plans  was  a  delay  in  the  preparation 
of  a  Soyuz-U2  launch  vehicle.  Since  the  next 
mission  was  to  involve  a  three-man  crew,  use  of 
the  lower  capacity,  Soyuz-U  booster  was  not  a 
viable  option.  Unfortunately,  the  delay  also 
meant  that  plans  to  keep  one  of  the  Soyuz  TM- 
18  cosmonauts  on-board  Mir  for  16  months  had 
to  be  revised  to  only  a  14-month  stay 
(References  162-164). 

Shortly  after  hearing  the  news  of  their 
involuntary  extension,  Tsibliyev  and  Serebrov 
prepared  to  receive  yet  another  resupply  ship. 
Progress  M-20,  carrying  a  commercial  US 
biotechnology  experiment,  was  launched  on  1 1 
October  and  docked  at  the  Kvant  1  aft  port  two 
days  later.  Meanwhile,  on  1 2  October  Progress 
M-1 9  undocked  from  that  port  and  returned  a 
Raduga  capsule  to  Earth  about  six  hours  later, 
early  on  13  October.  Back  on  Mir,  the  crew  was 
initiating  the  newly  delivered  foreign  experi¬ 
ment,  which  was  to  be  returned  in  another 
Raduga  capsule  also  brought  by  Progress  M-20 
(References  165-168). 

On  22  October  Serebrov  set  a  new  world 
record  for  the  number  of  EVAs  performed  by  an 
individual  by  completing  his  ninth  (Table  3.2). 
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This  fourth  EVA  of  the  Soyuz  TM-17  mission, 
coupled  with  his  five  EVAs  in  1990  during 
Soyuz  TM*8,  gave  Serebrov  a  total  of  27  hr  37 
min  outside  Mir.  Unexpectedly,  however,  the 
EVA  of  22  October  lasted  only  38  min,  allowing 
the  two  cosmonauts  only  to  install  a  micro¬ 
meteoroid  detection  experiment  and  to  briefly 
photograph  portions  of  Mir’s  exterior.  The  EVA 
had  been  scheduled  to  last  more  than  five 
hours.  A  fifth  EVA  on  29  October  with  a  duration 
of  4  hr  12  min  apparently  allowed  the  team  to 
complete  all  assigned  tasks  (References  166, 
169-170). 

The  final  two  months  of  1993  were  spent 
engaged  with  routine  activities  and  main¬ 
tenance  chores.  The  Progress  M-20  spacecraft 
was  undocked  on  21  November,  returning  its 
Raduga  capsule  to  Earth  later  that  same  day. 
Inside  the  capsule  were  the  crystals  grown 
under  microgravity  conditions  for  the  US  Boeing 
company.  As  the  year  drew  to  a  close,  final 
preparations  for  the  start  of  the  delayed  Soyuz 


TM-1 8  were  underway.  Meanwhile,  Progress  M- 
17  continued  on  its  solo  flight  with  a  mean 
altitude  of  294  km  on  New  Year’s  Eve 
(References  171-174). 

In  other  news  from  the  Russian  Mir  space 
station  program  during  1993,  four  women 
began  a  six-month-long  bed-rest  experiment  to 
study  potential  countermeasures  to  microgravity 
effects  on  the  human  body.  Not  too  long  after 
the  test’s  conclusion  in  1994,  a  female 
cosmonaut  was  scheduled  to  be  launched  to 
Mir  for  a  record-setting  mission  of  nearly  six 
months,  by  far  the  longest  space  flight  for  any 
woman.  Also  in  1994,  Sergei  Krikalev  was 
scheduled  to  be  the  first  Russian  cosmonaut  to 
fly  on  board  a  US  Space  Shuttle  in  a  prelude  to 
later  Mir-Space  Shuttle  docking  missions.  On  a 
more  somber  note.  Air  Force  Major  and 
cosmonaut  trainee  Sergei  Vozovikov  drowned 
during  survival  training  on  21  July  1993 
(References  174-177). 


TABLE  3.2  MIR  SPACE  STATION  EVA  RECORD,  1986-1994. 


KESM 

IKTXOa 

COSMONAUTS 

PRMARY  PURPOSE 

1987 

11-Apr 

Soyuz  TM-2 

Romanenko/Laveykin 

3  hr  40  min 

Kvant  1  docking  aid 

12-Jun 

Soyuz  TM-2 

Romanenko/Laveykin 

1  hr  53  min 

Installation  of  solar  panel 

16-Jun 

Soyuz  TM-2 

Rom  anen  ko/Laveykin 

3  hr  15  min 

Installation  of  solar  panel 

1988 

26-Feb 

Soyuz  TM-4 

Titov,  Manarov 

4  hr  25  min 

Replacement  of  solar  panel;  misc  tasks 

5 

Soyuz  TM-4 

Titov,  Manarov 

5  hr  10  min 

Repair  of  Kvant  1  experiment 

20-Oct 

6 

Soyuz  TM-4 

Titov,  Manarov 

4, hr  12  min 

Repair  of  Kvant  1  experiment 

9-Dec 

7 

Soyuz  TM-7 

Volkov/Chretien  (Fr) 

5  hr  57  min 

Soviet-French  construction  experiment 

1990 

8-Jan 

8 

Soyuz  TM-8 

Viktorenko/Serebrov 

2  hr  56  min 

Installation  of  new  star  sensors 

11 -Jan 

9 

Soyuz  TM-8 

Viktorenko/Serebrov 

2  hr  54  min 

Replacement  of  materials  experiment 

26-Jan 

10 

Soyuz  TM-8 

Viktorenko/Serebrov 

3  hr  02  min 

Test  of  EVA  suits  and  facilities 

1-Feb 

1 1 

Soyuz  TM-8 

Viktorenko/Serebrov 

4  hr  59  min 

Test  of  manned  maneuvering  unit 

5-Feb 

12 

Soyuz  TM-8 

Viktorenko/Serebrov 

3  hr  45  min 

Test  of  manned  maneuvering  unit 

17-Jul 

13 

Soyuz  TM-9 

Solovyev/Balandin 

7  hr  16  min 

Repair  of  Soyuz  TM  thermal  blankets 

26-JuI 

14 

Soyuz  TM-9 

Solovyev/Balandin 

3  hr  31  min 

Repair  of  Soyuz  TM  thermal  blankets  &  EVA  hatch 

29-Oct 

15 

Soyuz  TM-10 

Manakov/Strekatov 

2  hr  45  min 

Repair  of  EVA  hatch 

1991 

7-Jan 

16 

Soyuz  TM-1 1 

Afanasyev/Manarov 

5  hr  18  min 

Repair  of  EVA  hatch 

23-Jan 

17 

Soyuz  TM-11 

Afanasyev/Manarov 

5  hr  33  min 

Installation  of  Strela  crane 

26-Jan 

18 

Soyuz  TM-1 1 

Afanasyev/Manarov 

6  hr  20  min 

Installation  of  solar  panel  supports  on  Kvant  1 

25-Apr 

19 

Soyuz  TM-1 1 

Afanasyev/Manarov 

3  hr  34  min 

Inspection  of  Kvant  1  rendezvous  system  antenna 

24-Jun 

20 

Soyuz  TM-1 2 

Artsebarskiy/Krikalev 

4  hr  58  min 

Repair  of  Kvant  1  rendezvous  system  antenna 

28-Jun 

21 

Soyuz  TM-1 2 

Artsebarskly/Krikalev 

3  hr  24  min 

Soviet-US  experiment  deployment;  misc  tasks 

15-JuI 

22 

Soyuz  TM-1 2 

Artsebarskiy/Krikalev 

5  hr  56  min 

Construction  of  Sofora  girder 

19-Jul 

23 

Soyuz  TM-1 2 

Artsebarskiy/Krikalev 

5  hr  28  min 

Construction  of  Sofora  girder 

24 

Soyuz  TM-1 2 

Artsebarskiy/Krikalev 

5  hr  34  min 

Construction  of  Sofora  girder 

27-Jul 

25 

Soyuz  TM-1 2 

Artsebarskiy/Krikalev 

6  hr  49  min 

Construction  of  Sofora  girder 

1992 

20-Feb 

26 

Soyuz  TM-12/13 

Volkov/Krikalev 

4  hr  12  min 

Deployment  of  experiments;  misc  tasks 

8-Jul 

27 

Soyuz  TM-1 4 

Viktorenko/Kaleri 

2  hr  03  min 

Maintenance  on  Kvant  2  gyrodynes 

3-Sep 

28 

Soyuz  TM-1 5 

Solovyev/ Avdeyev 

3  hr  56  min 

Installation  of  attitude  control  unit  on  Sofora 

7-Sep 

29 

Soyuz  TM-1 5 

Solovyev/ A  vdeyev 

5  hr  08  min 

Installation  of  attitude  control  unit  on  Sofora 

11 -Sep 

30 

Soyuz  TM-1 5 

Sol  ovyev/ Avdeyev 

5  hr  44  min 

Installation  of  attitude  control  unit  on  Sofora 

15-Sep 

31 

Soyuz  TM-1 5 

Solovyev/ Avdeyev 

3  hr  33  min 

Retrieval  of  experiment;  misc  tasks 

1993 

19-Apr 

32 

Soyuz  TM-1 6 

Manakov/Poleshchuk 

5  hr  25  min 

Preparation  for  Kvant  1  solar  panel  installation 

18-Jun 

33 

Soyuz  TM-1 6 

Manakov/Poleshchuk 

4  hr  33  min 

Preparation  for  Kvant  1  solar  panel  installation;  misc  tasks 

16-Sep 

34 

Soyuz  TM-17 

Tsibliyev/Serebrov 

4  hr  18  min 

Construction  of  Rapana  girder 

20-Sep 

35 

Soyuz  TM-17 

Tsibliyev/Serebrov 

3  hr  13  min 

Construction  of  Rapana  girder 

28-Sep 

36 

Soyuz  TM-17 

Tsibliyev/Serebrov 

1  hr  52  min 

Inspection  of  space  station;  misc  tasks 

22-Oct 

37 

Soyuz  TM-17 

Tsibliyev/Serebrov  < 

0  hr  38  min 

Inspection  of  space  station;  misc  tasks 

29-Oct 

38 

Soyuz  TM-17 

Tsibliyev/Serebrov 

4  hr  12  min 

Inspection  of  space  station;  misc  tasks 

1994 

9-Sep 

39 

Soyuz  TM-1 9  I 

\^alenchenko/Musabayev  i 

5  hr  04  min  I 

Inspection  of  space  station;  misc  tasks 

13-Sep 

40 

Soyuz  TM-1 9  1 

Malenchenko/Musabayev  ( 

3  hr  01  min  I 

Preparation  for  Kvant  1  solar  panel  installation 
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3.8.2  1994  Operations 

Whereas  the  Salyut  space  stations  had 
been  regularly  employed  in  setting  new  space 
endurance  records  to  evaluate  the  long-term 
effects  of  microgravity  on  human  physiology, 
Mir  space  station  missions  had  typically 
reverted  to  standard  5-6  month  flights  after  the 
year-long  mission  of  the  third  expedition  (Soyliz 
TM-4)  during  1987-1988  (Figure  3.18).  In  part, 
this  decision  was  based  on  considerable  exper¬ 
ience  that  the  work  efficiency  of  crew  members 
began  a  noticeable  decline  after  about  six 
months  in  space.  One  exception  to  this  policy 
was  Sergei  Krikalev’s  10-month  mission  during 
1991-1992  which  was  necessitated  by  other 
logistical  constraints  (Reference  1 78). 

The  Soyuz  TM-1 8  mission,  rescheduled  for 
launch  on  8  January  1994,  was  designed  to  at 
least  partially  alter  this  pragmatic  trend  to  make 
further  advances  in  space  life  sciences. 
Comprising  the  all-Russian  15th  expedition  to 
Mir  were  Commander  Col.  Viktor  Afanasyev  (a 
veteran  of  Soyuz  TM-11),  Flight  Engineer  Yuri 
Usachev  (a  rookie  cosmonaut),  and  Cosmonaut 


Researcher  Dr.  Valeri  Polyakov  (a  veteran  of 
Soyuz  TM-6/4/7).  Although  Afanasyev  and 
Usachov  were  due  to  be  relieved  after  a  normal 
six-month  tour  of  duty,  Polyakov,  a  medical 
doctor,  was  to  remain  on  board  for  more  than 
1 4  months,  establishing  a  new  world  record  for 
continuous  time  in  space.  Moreover,  with 
previous  flight  experience,  Polyakov  would 
have  nearly  23  months  cumulative  space 
station  habitation  -  another  world  record. 
Russian  officials  linked  this  new  biomedical 
experiment  with  the  eventual  preparations  for  a 
manned  mission  to  Mars  (References  179-182). 

Lift-off  of  Soyuz  TM-1 8  from  the  Baikonur 
Cosmodrome  occurred  as  planned  on  8 
January,  and  the  spacecraft  successfully 
docked  at  the  vacant  Kvant  1  aft  port  (Progress 
M-20  had  departed  on  21  November  1993)  two 
days  later.  In  a  record  turnaround,  the  Soyuz 
TM-17  crew  departed  Mir  in  their  own 
spacecraft  less  than  four  days  later  on  14 
January  (Reference  1 83). 

Prior  to  de-orbiting,  Tsibliyev  and  Serebrov 
had  one  more  task  to  perform:  maneuver  their 
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FIGURE  3.18  HISTORY  OF  MIR  SPACE  STATION  EXPEDITIONS. 
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spacecraft  from  Mir’s  forward  port  to  the  Kristall 
forward  APAS  docking  port  and  photograph  a 
target  to  be  used  later  during  the  Mir-Space 
Shuttle  missions.  At  a  distance  of  45  m  from 
Mir,  Tsibliyev  took  manual  control  of  Soyuz  TM* 

17  and  began  his  approach  to  Kristall  while 
Serebrov  prepared  to  take  the  requested  photos 
from  the  vantage  point  of  the  ship’s  orbital 
module.  Tsibliyev  quickly  realized  that  the 
spacecraft  was  not  responding  properly  to  his 
inputs  and  tried  to  avoid  a  collision  with  the 
complex.  However,  Soyuz  TM-1 7  did  bump  into 
Kristall  about  1.5  m  behind  the  docking  port, 
where  fortunately,  no  external  equipment  was 
located.  The  impact  was  slight  -  the  Soyuz  TM- 

18  crew  apparently  did  not  feel  it  -  but  Mir’s 
attitude  control  system  was  upset,  and  the  sta¬ 
tion  began  to  drift  slowly.  In  turn,  this  reportedly 
broke  the  communications  link  with  a  Luch  data 
relay  satellite,  aggravating  an  already  tense 
situation  in  the  TsUP  (References  184-188). 

The  Soyuz  TM-17  spacecraft  was 
undamaged,  and  the  crew  was  able  to  land 
safely  less  than  four  hours  after  the  incident  in  a 
region  215  km  west  of  Karaganda  in 
Kazakhstan.  A  probe  into  the  mishap  found  that 
a  switch  for  the  aft  thruster  was  in  standby 
mode  rather  than  active.  Reviews  of  the  overall 
Soyuz  TM-17  mission  in  January  and  February 
were  positive  but  highlighted  the  substantial 
demand  for  maintenance  on  the  aging  space 
station.  Despite  a  count  of  at  least  240  micro¬ 
meteoroid  impacts  during  the  August,  1993, 
Perseid  meteor  shower,  Mir  was  judged  to  be  in 
good  shape  and  capable  of  several  more  years 
of  operations  (References  189-190). 

Before  the  next  Progress  M  spacecraft  was 
launched,  the  Soyuz  TM-1 8  crew  was  instructed 
to  move  their  ferry  spacecraft  from  the  Kvant  1 
aft  port  to  the  Mir  forward  port.  In  the  process 
they  were  also  to  inspect  the  area  on  Kristall 
where  Soyuz  TM-1 7  had  struck.  The  Soyuz  TM- 
18  fly-around  was  accomplished  on  24  January, 
and  only  a  few  scratches  were  found  on  Kristall. 
The  entire  maneuver  and  inspection  took  less 
than  two  hours.  Two  days  later  Progress  M-21 
was  launched,  arriving  at  Mir  on  30  January 
(Figure  3.19).  During  January  officials  also 
announced  that  the  satellite  tracking,  telemetry, 
and  control  complex  in  Yevpatoriya,  Ukraine, 
was  once  again  supporting  the  Mir  program 
after  an  absence  of  more  than  one  year 
(References  191-195). 


FIGURE  3.19  MIR  SPACE  STATION 
CONFIGURATION,  JANUARY,  1994. 

The  next  two  months  passed  uneventfully. 
A  minor  celebration  was  held  on  20  February, 
the  eighth  anniversary  (Moscow  time)  of  the 
launch  of  the  Mir  space  station.  On  3  March  the 
flight  of  Progress  M-17  finally  came  to  an  end 
with  a  destructive  reentry  into  the  atmosphere. 
Its  propulsion  system  was  tested  one  last  time 
on  2  March  after  spending  1 1  months  in  space. 
Meanwhile,  at  the  Baikonur  Cosmodrome 
difficulties  were  being  encountered,  first  with  a 
fire  on  7  March  near  Progress  M-22,  which  was 
undergoing  tests  before  mating  to  its  booster, 
and  then  due  to  heavy  snows  (drifts  up  to  six 
meters  high)  which  delayed  the  launch  of 
Progress  M-22  by  three  days  (References  196- 
197). 

The  new  cargo  spaceship  eventually  was 
launched  on  22  March  and  guided  aiong  a 
normal  50-hour  rendezvous  profile.  Its 
predecessor.  Progress  M-21  was  undocked 
from  the  Mir  complex  on  23  March  and  then 
commanded  to  reenter  the  atmosphere  the 
same  day.  Progress  M-22  arrived  at  the  space 
station  on  24  March  and  docked  with  Kvant  1 
without  incident  (Reference  1 98). 

During  the  last  week  of  March  Afanasyev, 
Usachev,  and  Polyakov  conducted  a  series  of 
geophysical  experiments,  which  reportedly 
included  the  injection  of  an  electron  beam  along 
the  geomagnetic  field  lines  with  the  hope  that 
the  Swedish  Freja  satellite  hundreds  of 
kilometers  away  would  detect  it.  April  and  May 
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were  spent  carrying  out  numerous  scientific 
investigations  in  Earth  observation,  materials 
and  life  sciences,  geophysics,  and  astro¬ 
physics.  In  mid-May,  as  the  Progress  M-22 
mission  was  winding  down,  the  automated 
vehicle  used  its  propulsion  system  to  push  the 
orbital  laboratory  to  its  highest  altitude  of  the 
1993-1994  period  (Figure  3.16).  One  week  later 
on  23  May  Progress  M-22  was  undocked  and 
destroyed  during  reentry,  following  the  launch  of 
its  successor  the  previous  day.  Progress  M-23, 
the  last  logistics  flight  for  the  Soyuz  TM-18 
mission  docked  at  the  Kvant  1  aft  port  on  24 
May,  carrying  the  usual  supplies  as  well  as  the 
first  Raduga  recovery  capsule  of  the  year 
(References  201-202). 

The  next  manned  expedition  to  Mir  had 
been  scheduled  to  lift-off  on  20  June,  but 
several  problems,  including  acceptance  of  the 
Soyuz-U2  payload  fairing,  delayed  the  launch 
until  1  July.  Soyuz  TM-19  was  a  joint  Russian- 
Kazakh  endeavor  with  a  scientific  program 
continuing  some  of  the  investigations  begun  by 
Kazakh  cosmonaut  Aubakirov  during  Soyuz 
TM-13  in  1991 .  Commanding  Soyuz  TM-19  was 
Yuri  Malenchenko  accompanied  by  Flight 
Engineer  Talgat  Musabayev  from  Kazakhstan. 
Both  men  were  making  their  first  flights  into 
space  (References  203-209). 

In  accordance  with  the  pattern  established 
during  the  first  half  of  1994,  Soyuz  TM-19  was 
launched  on  1  July,  followed  by  the  undocking 
of  Progress  M-23  on  2  July  and  the  docking  of 
Soyuz  TM-1 9  on  3  July.  This  time,  however,  the 
departing  Progress  M  spacecraft  carried  a 
Raduga  capsule  which  was  recovered  75  km 
northeast  of  Orsk,  just  north  of  the  Kazakhstan 
border  in  the  Russian  Federation.  For  nearly  six 
days  the  five  cosmonauts  worked  together  on 
board  Mir  until  9  July  when  Afanasyev  and 
Usachev  returned  to  Earth  in  Soyuz  TM-18, 
leaving  Polyakov  with  the  new  replacement 
crew  (References  210-212). 

Nearly  seven  weeks  passed  before  the  first 
and  only  Progress  M  flight  of  the  Soyuz  TM-19 
mission  commenced.  Launch  occurred  on  25 
August  with  a  docking  at  the  Mir  forward  port 
scheduled  for  27  August.  In  what  had  become  a 
routine  procedure  Progress  M-24  approached 
the  station  nominally  at  a  very  slow  relative 
velocity.  However,  at  a  distance  of  150  m  the 
automatic  control  system  switched  off  and  the 
docking  attempt  was  aborted.  This  was  the  first 
such  incident  since  a  rash  of  initial  docking 
failures  during  1991-1992.  Progress  M-7  had 


failed  twice  and  Progress  M-10  and  M-13  had 
each  failed  once  to  dock  with  the  space  station, 
but  in  all  cases  the  vehicles  were  ultimately 
successful  in  linking  up  with  Mir  (Reference 
213-214). 

A  second  attempt  at  docking  was 
undertaken  on  30  August.  Again,  the  automatic 
approach  was  accomplished  successfully  until 
an  on-board  safety  system  terminated  the 
procedure  at  a  distance  of  150  m.  Although  the 
safety  systems  prevented  a  serious  collision 
between  the  cargo  ship  and  the  space  station. 
Progress  M-24  apparently  bumped  the  station 
on  this  last  try.  Concern  was  also  growing  both 
on  Mir  and  at  the  TsUP  about  the  ability  to 
continue  the  Soyuz  TM-19  mission  if  Progress 
M-24  could  not  be  saved.  On  2  September  a 
third  try  was  planned,  but  this  time 
Malenchenko  would  control  Progress  M-24 
manually  using  the  equipment  which  had  been 
twice  tested  for  this  purpose  in  early  1993 
(Progress  M-15  and  M-16).  Malenchenko 
completed  his  assignment,  linking  the 
spacecraft  with  Mir  in  a  textbook  exercise 
(References  214-21 7). 

One  week  after  the  successful  docking, 
Malenchenko  and  Musabayev  performed  the 
first  of  two  planned  EVAs.  The  9  September 
outing  involved  not  only  a  series  of  programmed 
tasks,  including  the  placement  of  new  material 
samples  for  space  exposure  tests,  but  also  a 
quick  inspection  of  Mir  where  Progress  M-24 
had  bumped  it  on  30  August.  The  latter  survey 
found  no  significant  damage.  The  two 
cosmonauts  concluded  their  EVA  after  5  hr  4 
min.  The  second  EVA  on  13  September  lasted 
6  hr  1  min  and  concentrated  on  chores  outside 
the  Kvant  1  module,  working  on  the  solar  array 
drives,  inspecting  the  Sofora  girder,  and 
retrieving  experiment  samples  from  the  Rapana 
truss  (References  214,  218-221). 

With  the  excitement  of  the  Progress  M-24 
problems  and  the  EVAs  behind,  the  three  Mir 
cosmonauts  returned  to  their  normal  duties  and 
prepared  for  the  arrival  of  the  next  crew  in  early 
October.  Soyuz  TM-20  would  mark  the  first 
Russian-ESA  mission,  code-named  Euromir  94, 
and  would  last  a  full  month.  Consequently,  the 
modest  Mir  space  station  was  to  be  home  for 
six  cosmonauts  for  an  extended  period,  testing 
both  station  resources  and  crew  temperaments. 

Soyuz  TM-20  (Figure  3.20)  was  launched 
on  3  October  (4  October,  Moscow  time,  the  37th 
anniversary  of  the  launching  of  Sputnik  1)  with  a 
crew  of  three:  Commander  Aleksandr 
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Viktorenko,  Flight  Engineer  Yelena  Kondakova, 
and  Cosmonaut  Researcher  Ulf  Merbold  of 
ESA.  Viktorenko  was  making  his  fourth  flight  in 
space,  while  rookie  cosmonaut  Konakova  was 
seeking  to  set  an  endurance  record  for  a 
woman  in  space.  The  German  Merbold  was  on 
his  third  space  flight,  having  served  with  the 
crews  of  STS-9  and  STS-42  (References  222- 
224). 

While  Soyuz  TM-20  was  enroute  to  Mir,  the 
troublesome  Progress  M-24  was  released  and 
allowed  to  be  destroyed  during  reentry  on  4 
October.  The  Soyuz  TM-20  spacecraft  replaced 
it  at  the  Mir  forward  port  very  early  on  6 
October,  under  the  manual  control  of 
Viktorenko.  An  automatic  docking  had  been 
planned,  but,  like  the  Progress  M-24,  Soyuz 
TM-20  veered  from  its  intended  course  as  it 
closed  within  150  m.  Viktorenko  quickly 
assumed  command  and  with  Kondakova’s 
assistance  completed  the  docking  only  six  min¬ 
utes  behind  schedule  (References  224-226). 

The  30-day  Euromir  94  mission  began  a 
little  more  than  one  year  after  four  ESA 


FIGURE  3.20  SOYUZ  TM-20  PRIOR  TO 
LAUNCH. 


astronauts  reported  to  the  Yuri  Gagarin 
Cosmonaut  Training  Center  at  Star  City  outside 
Moscow.  Merbold  was  selected  for  the  prime 
Soyuz  TM-20  crew  while  Pedro  Duque  prepared 
as  his  backup.  Meanwhile,  Thomas  Reiter  of 
Germany  and  Christer  Fuglesang  began 
training  for  the  even  more  ambitious,  135-day 
Euromir  95  mission.  More  than  30  life  science, 
materials  science,  and  general  technology 
experiments  were  included  in  the  busy  Euromir 
94  flight  plan,  ranging  from  the  measurement  of 
the  thickness  and  tensile  strength  of  skin  tissue 
in  space  to  investigating  the  behavior  of 
composite  materials  during  melting  and 
solidification.  Simultaneously,  other  members  of 
the  enlarged  Mir  crew  were  engaged  in  regular 
Russian  experiments  and  space  station 
maintenance  tasks  (References  224,  227-236). 

The  Euromir  94  program  was  largely 
successful  but  serious  problems  arose  by  the 
end  of  the  first  week.  On  the  evening  of  1 1 
October  an  electrical  power  shortage  caused  a 
shutdown  in  the  station’s  attitude  control  and 
navigation  systems  as  the  environmental  con¬ 
trol  system  was  working  at  capacity  to  support 
the  six  cosmonauts.  The  former  problem  further 
aggravated  the  situation  since  Mir’s  solar  arrays 
were  no  longer  oriented  to  permit  maximum 
power  generation.  Gradually  the  electrical 
power  system  was  restored,  in  part  by  replacing 
several  storage  batteries,  and  by  18  October 
the  crisis  had  passed.  However,  during  much  of 
this  period  the  flight  plan  had  to  be  revised, 
temporarily  deferring  experiments  which  con¬ 
sumed  significant  electrical  power  (References 
237-243). 

Another  problem,  which  was  not  so  amen¬ 
able  to  a  rapid  solution,  was  a  malfunctioning 
electric  furnace  which  was  to  be  used  for 
materials  science  experiments.  The  furnace  had 
actually  broken  prior  to  the  start  of  Euromir  94, 
and  replacement  parts  had  been  sent  via 
Progress  M-24.  However,  the  device  could  not 
be  fixed,  causing  ESA  officials  to  request  the 
experiments  be  completed  by  the  cosmonauts 
remaining  on  board  Mir  after  the  conclusion  of 
the  Euromir  94  flight  (References  244-245). 

Mir  mission  managers,  concerned  about 
three  successive  automatic  docking  failures 
with  Mir  decided  to  add  a  new  task  to  the 
Euromir  94  agenda.  On  2  November 
Malenchenko,  Musabayev,  and  Merbold 
entered  the  Soyuz  TM-1 9  spacecraft,  undocked 
from  Kvant  1 ,  and  pulled  away  from  the  orbital 


120 


TABLE  3.3  MIR  SPACE  STATION  LOGISTICAL  SUMMARY.  1993-1994. 


SPACECRAFT 

DOCKMG 

DATE 

UNDOCKING 

DATE 

SPACE  STATION 
PORT 

TOTAL 

STAY 

COMMENTS 

Soyuz  TM-1 5 

29  Jul  92 

01  Feb  93 

Mir,  fonward 

187  days 

Brought  crew  of  Solovyev,  Avdeyev,  and  Tognini; 

Returned  with  crew  of  Solovyev  and  Avdeyev 

Progress  M-15 

29  Oct  92 

04  Feb  93 

Kvant  1,  aft 

97  days 

Brought  MAK-2  which  was  released  20  Nov  92  and  the 

Banner  experiment  which  was  deployed  04  Feb  93 

Soyuz  TM-1 6 

26  Jan  93 

22  Jul  93 

Kristall,  forward 

177  days 

Brought  crew  of  Manakov  and  Poleshchuk; 

Returned  with  crew  of  Manakov,  Poleshchuk,  and  Haignere 

Progress  M-16 

23  Feb  93 

26  Mar  93 

26  Mar  93 

27  Mar  93 

Kvant  1,  aft 

31  days 

Undocked  and  redocked  26  Mar  93  to  test  remote  control 
rendezvous  and  docking  technique 

Progress  M-17 

02  Apr  93 

11  Aug  93 

Kvant  1,  aft 

131  days 

Conducted  subsequent  independent,  long  duration  mission  until 

3  Mar  94  when  natural  decay  was  completed 

Progress  M-18 

24  May  93 

03  Jul  93 

Mir,  forward 

40  days 

First  time  two  Progress  vehicles  docked  at  Mir  simultaneously; 
Raduga  capsule  was  returned  04  Jul  93 

Soyuz  TM-1 7 

03  Jul  93 

14  Jan  94 

Mir,  forward 

195  days 

Brought  crew  of  Tsibliyev,  Serebrov,  and  Haignere; 

Returned  with  crew  of  Tsibliyev  and  Serebrov 

Progress  M-19 

12  Aug  93 

12  Oct  93 

Kvant  1,  aft 

62  days 

Raduga  capsule  was  returned  13  Oct  93 

Progress  M-20 

13  Oct  93 

21  Nov  93 

Kvant  1,  aft 

38  days 

Raduga  capsule  was  returned  21  Nov  93 

Soyuz  TM-1 8 

10  Jan  94 

24  Jan  94 

24  Jan  94 

09  Jul  94 

Kvant  1,  aft 

Mir,  forward 

180  days 

Brought  crew  of  Afanasyev,  Usachev,  and  Polyakov; 

Returned  with  crew  of  Afanasyev  and  Usachev 

Progress  M-21 

30  Jan  94 

23  Mar  94 

Kvant  1,  aft 

52  days 

Progress  M-22 

24  Mar  94 

23  May  94 

Kvant  1,  aft 

60  days 

Progress  M-23 

24  May  94 

02  Jul  94 

Kvant  1.  aft 

39  days 

Raduga  capsule  was  returned  02  Jul  94 

Soyuz  TM-1 9 

03  Jul  94 

02  Nov  94 

02  Nov  94 

04  Nov  94 

Kvant  1,  aft 

Kvant  1,  aft 

124  days 

Brought  crew  of  Malenchenko  and  Musabayev; 

Returned  with  crew  of  Malenchenko,  Musabayev,  and  Merbold; 
Undocked  and  redocked  on  02  Nov  94  to  test  rendezvous  system 

Progress  M-24 

02  Sep  94 

04  Oct  94 

Mir,  forward 

32  days 

Failed  to  dock  on  both  27  and  30  Aug  94 

Soyuz  TM-20 

06  Oct  94 

22  Mar  95 

Mir,  forward 

167  days 

Brought  crew  of  Viktorenko,  Kondakova,  and  Merbold; 

Returned  with  crew  of  Viktorenko,  Kondakova,  and  Polyakov 

Progress  M-25 

13  Nov  94 

16  Feb  95 

Kvant  1,  aft 

95  days 

complex.  Although  the  three  docking  failures 
had  been  with  the  Mir  forward  port,  Soyuz  TM- 
1 9  was  to  verify  that  a  system-level  fault  had  not 
arisen  in  the  Kurs  rendezvous  system.  In  the 
event  a  redocking  was  not  possible,  Soyuz  TM- 
1 9  had  already  been  loaded  with  the  materials 
selected  for  return  to  Earth,  and  the  crew  could 
come  home  immediately.  At  a  distance  of  1 90  m 
the  Kurs  automatic  mode  was  engaged, 
followed  by  a  perfect  approach  and  docking. 
The  time  from  undocking  to  redocking  was  only 
35  minutes  (References  246-250). 

The  need  for  this  additional  test  led  to  a 
final  change  in  the  Euromir  94  schedule.  The 
return  home  of  Malenchenko,  Musabayev,  and 
Merbold  was  delayed  one  day  until  4 
November.  The  trinational  crew  exited  the  Mir 
space  station  for  the  last  time  on  the  morning  of 
4  November  and  touched  down  northeast  of 
Arkalyk  in  Kazakhstan  less  than  four  hours 
later.  The  landing  was  described  as  rough  with 
strong  winds  causing  the  Soyuz  TM-1 9  descent 
capsule  to  stray  9  km  from  its  intended  site  and 
to  bounce  once  before  coming  to  rest.  The 
cosmonauts,  however,  were  unharmed  and 


were  honored  to  be  greeted  by  Nursultan 
Nazerbayev,  President  of  Kazakhstan 
(References  246  and  251). 

A  more  normal  daily  routine  returned  to  Mir 
with  the  crew  once  again  reduced  to  three 
cosmonauts;  Viktorenko,  Kondakova,  and 
Polyakov.  One  week  after  the  departure  of  the 
Soyuz  TM-1 9  spacecraft.  Progress  M-25,  the 
last  mission  to  Mir  in  1994,  was  launched.  To 
the  relief  of  both  the  Mir  crew  and  the  TsUP,  the 
cargo  ship  docked  without  incident  on  13 
November  with  the  Kvant  1  aft  port  in  the 
automatic  regime.  The  supplies  on  board  would 
have  to  sustain  the  17th  Mir  expedition  until 
February,  1995,  when  the  next  Progress  M 
vehicle  was  scheduled  to  arrive  (References 
252-253). 

At  the  beginning  of  1994  the  long-term 
program  for  the  Mir  space  station  called  for  the 
oft-delayed  launch  of  the  large  Spektr  module 
on  27  November,  followed  by  a  docking  with  the 
complex  in  December.  To  prepare  for  its  arrival, 
two  of  the  Mir  cosmonauts  were  to  perform 
EVAs  in  November  to  transfer  the  Kristall  solar 
arrays  to  the  Kvant  1  module.  All  of  these  plans 
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were  abandoned  when  integration  and  testing 
of  Spektr  fell  behind  schedule,  ultimately  post¬ 
poning  the  iaunch  until  the  Spring  of  1995 
(Reference  254). 

The  remainder  of  1994  passed  uneventfully 
on  Mir,  which  compieted  its  50,000th  revolution 
about  the  Earth  on  1 7  November.  By  the  end  of 
the  year  Kondakova  had  shattered  the  endur¬ 
ance  record  for  a  woman  in  space,  and 
Polyakov  was  rapidly  closing  in  on  the  mark  for 
male  cosmonauts.  With  his  previous  fiight 
experience,  Polyakov  had  already  set  the 
record  for  the  most  time  in  space  by  a  human. 

During  1994  the  cosmonaut  corps  was 
sharply  reduced  due  to  financial  difficulties  and 
the  limited  number  of  missions  pianned  through 
the  end  of  the  decade.  The  three  principai 
detachments  remaining  were  representatives  of 
the  Russian  Air  Force  (17),  RKK  Energiya  (12), 
and  the  institute  of  Biomedical  Problems  (2). 
Only  two  women  were  specifically  identified  as 
stiii  active:  Yelena  Kondakova,  who  flew  for  the 
first  time  in  1994,  and  Nadezhda  Kuzhelnaya, 
who  was  stiii  waiting  for  her  first  assignment. 


However,  the  interest  in  long-term  flights  by 
women  appeared  high  as  evidenced  both  by  the 
mission  of  Kondakova  and  a  new  four-month 
(February-June)  hypokinesia  experiment  with 
eight  female  volunteers.  The  Institute  of 
Biomedicai  Problems  also  conducted  a  135- 
day-long  isolation  experiment  with  three  sub¬ 
jects  in  preparation  for  the  Euromir  95  mission. 
Finaiiy,  in  eariy  1994  the  former  USSR  Unified 
State  Aviation  Search  and  Rescue  Service, 
which  is  responsibie  for  the  recovery  of 
cosmonauts  during  launch  aborts  or  reentries, 
was  reorganized  as  the  Russian  Federation 
Aerospace  Search  and  Rescue  Service,  even 
as  Kazakhstan  was  trying  to  restrict  their 
training  exercises  and  imposing  new  controis  on 
actuai  cosmonaut  recoveries  in  Kazakhstan 
(References  255-262). 

3.8.3  Future  Plans 

The  decision  in  1993  by  the  Russian 
Federation  to  join  the  international  Space 
Station  program  had  profound  effects  on  both 
the  near-term  and  long-term  plans  and  objec- 
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FIGURE  3.21  LAYOUT  OF  SPEKTR  AND  PRIRODA  MODULES. 
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lives  of  the  Russian  man-in-space  program. 
The  first  phase  of  the  ISS  program  actually 
involves  eight  Mir-US  Space  Shuttle  missions, 
of  which  seven  call  for  dockings  between  the 
two  massive  objects.  Following  a  Mir-Space 
Shuttle  rendezvous  and  close  fly-by  in  early 
1995,  the  first  two  dockings  were  scheduled  for 
the  same  year.  The  year  1 995  was  also  to  wit¬ 
ness  the  dockings  of  the  Spektr  and  Priroda 
modules  (Figure  3.21)  to  the  Mir  complex, 
completing  the  assembly  begun  nearly  10  years 
earlier  (Figure  3.22). 

Three  new  expeditions  to  Mir  were  mani¬ 
fested  for  1995,  including  a  3-month  visit  by  the 
first  American  to  visit  Mir  and  the  4.5-month 
Euromir  95  mission.  Late  in  the  year  a  US 
Space  Shuttle  would  deliver  a  new  docking 
module  which  would  be  attached  permanently 
to  the  Kristall  module,  in  part,  to  provide  addi¬ 
tional  clearance  between  the  Space  Shuttle  and 
the  Mir  complex  (Figures  3.23  and  3.24).  US 
and  Russian  spacecraft  engineers  were  also 
planning  on  taking  advantage  of  this  opportunity 
to  deliver  two  more  large  solar  arrays  (one 
Russian  and  one  American)  to  augment  the  Mir 
electrical  power  generation  system. 

Tentatively,  1996  and  1997  would  mark  the 
last  years  of  Mir  habitation.  Two  or  three  flights 
annually  were  envisioned,  including  new 
bilateral  missions  with  the  US  and  France. 
Requests  by  Japan  and  PRC  for  visits  to  Mir  by 
their  own  astronauts  were  unlikely  to  be  granted 
due  to  the  increasingly  packed  schedule.  With 
the  launch  of  the  first  element  of  the  ISS 
scheduled  for  November,  1997,  followed  by  the 
first  Russian-led  manned  mission  the  following 
Spring,  the  Mir  space  station  was  expected  to 
be  abandoned  in  late  1997  or  1998.  However, 
the  orbital  laboratory  might  be  allowed  to 
continue  on  for  a  year  or  more  to  serve  as  a 
technology  testbed.  By  the  end  of  the  decade. 


the  nearly  150-metric-ton  space  station  was  due 
to  be  deorbited  over  a  broad  ocean  area  to 
prevent  any  potential  reentry  hazards,  as  in  the 
case  of  Skylab  and  Salyut  7. 

Although  plans  for  a  Mir  2  space  station  had 
been  abandoned,  the  principal  components  of 
this  concept  had  been  integrated  into  the  late- 
1993  redesign  of  ISS.  As  indicated  in  Table  3.1, 
Russian-produced  elements  will  account  for 
approximately  150  metric  tons  of  the  420 
metric-ton  complex  as  envisioned  at  assembly 
completion  in  2002.  Moreover,  the  Russian 
Federation  will  be  responsible  for  unmanned 
logistical  resupply  missions  and  for  the  Assured 
Crew  Return  Vehicles  (ACRVs).  To  support  the 
former  requirement,  a  Progress  M2  spacecraft, 
which  will  be  launched  by  a  Ukrainian  Zenit 
booster,  is  under  development.  The  1 3-m-long 
Progress  M2  will  have  a  cargo  capacity  of 
nearly  five  metric  tons  and  will  be  capable  of 
staying  with  ISS  for  up  to  six  months.  The  ISS 
ACRVs  will  be  derived  from  the  current  Soyuz 
TM  spacecraft. 

3.9  UKRAINE 

Although  15  Ukrainian-born  cosmonauts 
have  flown  in  space  between  1 962  and  1 994, 
the  new  National  Space  Agency  of  Ukraine,  un¬ 
like  Kazakhstan,  has  not  sponsored  national 
manned  space  missions.  To  dale  all  Ukrainian 
cosmonauts  have  represented  either  the  former 
Soviet  Union  or  the  Russian  Ministry  of 
Defense.  Due  primarily  to  fiscal  constraints  this 
situation  will  likely  remain  unchanged  through 
the  end  of  the  decade.  However,  Ukraine  will 
serve  a  vital  commercial  role  in  the  ISS  program 
as  the  vendor  of  the  Zenit-2  launch  vehicle 
which  will  carry  most  of  the  Russian  permanent 
elements  as  well  as  the  Progress  M2  logistics 
spacecraft. 
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MIR  CORE  MODULE  -  17KS 


1 .  Kurs  Rendezvous  Antenna 

2.  Auxiliary  Solar  Array  (340  kg)  10.6  m 

3.  Module  Control  Consoles 

4.  Meal  And  Work  Table 

5.  Cooking  Elements 

6.  Personal  Sleeping  Compartment  (2) 


7.  Igta  Rendezvous  Antenna 

8.  SDRN  Luch  Satellite  Antenna  (1 1/14  GHz) 

9.  Maneuvering  Thruster  (2)  300  kgf/ea 

10.  igia  Rendezvous  Antenna 

1 1 .  Attitude  Control  Thrusters  -  6  Clusters 
32  Thrusters  (total)  14  kgf/ea 


12.  Exercise  Treadmill 

13.  Veloergmeter  Bicycle  Exerciser 
14. 50  Liter  Refrigerator 

15.  Nine  Panel  Solar  Array  (2)  29.73  m  Span 

16.  Salyut^B/Argon-16B  Control  Computers 

17.  Lyappa  Module  Rotation  Socket 


KVANT-1  ASTROPHYSICS  MODULE  -  37KE 


1 .  Igia  Rendezvous  Antenna 

2.  Kurs  Rendezvous  Antenna 

3.  Sluice  Airlock  Chamber  on  Glazar  UV  Telescope 

4.  MKF-6  Multi  Spectral  Camera 

5.  Attitude  Control  Star  Sensor  (2)  80  kg/ea 

6.  Visual  Measurement  And  Photographic  Device 

7.  Module  Control  Consoles 


1 .  Orlan-DMA  EVA  Space  Suit  With  50  m  Umbilical 

2.  KAP-350  Topography  Photo  Camera 

3.  MKF-6MA  Multi-Spectral  Camera  (6  Bands) 

4.  Control  Panel 

5.  NICd  Electrical  Storage  Batteries 

6.  Volna-2  Capillary  Action  Fuel  Development  Unit 

7.  Liquid  And  Waste  Management  System 

8.  Module  Control  Consoles 

9.  Incubator-2  Biotechnical  Complex 

10.  Section  Separation  Hatch 

1 1 .  Ryabina-2  Celestial  Radiation  Source  Detector 

12.  Phasa  AFM-2  Near  Earth  Atmosphere  Telescope 


8.  Sofora  Truss  (1 4.5  x  1 .5  x  1 .5  m)  With 
VDU  Roll  Control  Thruster  Complex  (700  kg) 

9.  Rapana  Truss  (26  kg)  5  m 

10.  Phoswich  X-Ray  Spectrometer  15-200  kev 

1 1 .  GSPC  -  Gas  Scintillation  Proportional 
Counter  Spectrometer  2-100  kev 

12.  Sirene-2  High  Pressure  Gas  Scintillation 
Proportional  Spectrometer  2-100  kev 

KVANT-2  EXTENSION  MODULE  -77KSD 

13.  VEP-3  And  VEP-4  Solar  Arrays  24.13  m  Span 

14.  Thermal  Radiator  (2) 

15.  Attitude  Control  Thrusters  (4  Clusters) 

-  5  Approach  Thrusters  (40  kgf/ea) 

-  4  Stabilization  Thrusters  (1 .5  kgf/ea) 

16.  Thermal  Shield  Over  Propellent  Tank 

17.  Course  Correction  And  Rendezvous 
Thruster  (2)  415  kgf/ea 

18.  Attitude  Control  Star  Sensors  (2) 

19.  Kub  Kontur  Command  Antenna 

20.  Kurs  Rendezvous  Antenna 

21 .  Propellent  Tank  (4)  600  kg 


13.  TTM  Coded  Mask  Telescope  2-30  kev  60  kg 

14.  Pulsar  X-Ray  Spectrometer 
Telescope  (5)  20-8(X)  kev 

15.  MSB-2  And  MSB-4  Extendable  Solar 
Arrays  (2)  From  Krystall  (250  kg/ea) 

7.5  m  Span 


22.  Gyrodyne  Control  Moment  Units  (3)  490  kg 

23.  Rodnik  Water  Supply  (2) 

300  liter/ 420  kg  ea 

24.  EVA  Repressurization  Air  Supply  (4)  28  kg 

25.  Attitude  Control  Star  Sensors  (3) 

26.  ASPG-M  Gimballed  Platform  (1 10  kg) 

-  MKS-M2  Optical  Spectrometer 

-  ITS-7D  IR  Spectrometer 

-  ARIZ  X-Ray  Sensor 

-  Gamma-2  Video  Spectropolarimeter 

27.  EVA  Hatch  (1  m  dia) 


KRYSTALL  TECHNOLOGY  MODULE  -  77KST 


1 2.  Svet  Botanical  Research  Complex  24. 

13.  Section  Separation  Hatch 

1 4.  Rodnik  Water  Supply  (2)  25. 

15.  Glazar-2  UV  Telescope  26. 

16.  Ksenia  27. 

1 7.  Marina  Spectrometer 

18.  APAS-89  Docking  Port  28. 

19.  TUB  Thermostat  29. 

20.  B16M(2)  30. 

21 .  Ainur  Electrophoretic  Complex 

22.  ChSK-1  Crystalizer 


23.  Prlroda-5  High  Resolution  Cameras  (2) 
-  SA-20M-I 
-SA-20-11 


SPEKTR  GEOPHYSICAL  MODULE  -77KSO 


1 .  Marina-2  Thermal  Cover 

2.  TSB  Thermostat 

3.  Glazar-2  Housing 

4.  Krater-B  Electric  Furnace  -  Gallium  Arsenide 

5.  Optizon-1  Electric  Furnace  -  Silicon 

6.  Electric  Cruciblefess  Furnaces  -  Metal  Melt 

-  Zona-02 

-  Zona-03 

7.  Course  Correction  And  Rendezvous 
Thruster  (2)  415  kgf/ea 

8.  Earth  Horizon  Attitude  Control  IR  Sensors  (2) 

9.  Helium  Pressurization  Tanks  (6) 

10.  Kurs  Rendezvous  Antenna 

1 1 .  Maria-2  Spectrometer 


1 .  Attitude  Control  Thrusters 

2.  Thermal  Radiators  (2) 

3.  Astra-2  Atmospheric  Trace  Element  Sensor 

4.  Seven  Segment  Primary  Solar  Array  (2) 

5.  Attitude  Control  Thrusters 

6.  Ryabina-4P  Cosmic  Radiation  Sensor 

7.  Miras  Atmospheric  Spectrometer 


8.  Eight  Segment  Auxiliary  Solar  Array  (2) 

9.  Kurs  Rendezvous  Antenna 

10.  Course  Correction  And  Rendezvous 
Thruster  (2)  415  kgf/ea 

1 1 .  Taurus  /  Grif-1  X-Ray  /  Gamma  Ray 
Induced  Radiation  Sensor 

12.  Attitude  Control  Solar  Sensors  (4  Sets) 


Space  Shuttle  Docking  Module  -  316GK 

4085  kg  4.75  x  2.22  m 

Thruster  Plume  Shield 

Granat  Spectrometer 

Solar  Array  Mount 

(Arrays  Transfered  To  Kvant-1 ) 

Thermal  Radiators  (2) 

Attitude  Control  Thrusters 
Solar  Attitude  Sensor  (4  Sets) 


13.  Pelican  Manipulator  Arm 

14.  Komza  Interstellar  Gas  Sensor 

15.  Phasa  Telespectrometer 

16.  Phoenix  IR  Spectrometer 

1 7.  Sluice  Airlock  Chamber 

18.  Astra  View  Port 

19.  Priroda  Cameras  (2) 


PRIRODA  INTERNATIONAL  ECOLOGY  RESEARCH  MODULE  -  77KSI 


1 .  MOM-02P  Earth  Imager 

2.  KUB  Kontur  Command  Antenna 

3.  Kurs  Rendezvous  Antenna 

4.  IKAR-N;  R P-600  Microwave  Radiometer  (Fixed) 

5.  Canopus  Equipment 

6.  Marlna-2  Radiometer 

7.  IKAR-D:  R-30.  R-80,  R-135.  R-225P 
Microwave  Radiometer  (Scanning) 

8.  Ozone-M  Spectrometer 


9.  DK-35  Photometer 

10.  DOPI 

11.  ISTOK-1  Microwave  Radiometer 

12.  MSU-5K  Multi  Spectral  Scanner 

13.  Greben  Ocean  Radar  Altimeter 

14.  MOZ-Obzor  Multi  Zonal  Spectrometer 

15.  IKAR-D:  R-400  Microwave 
Radiometer  (Scanning) 


16.  Travers  Synthetic  Aperature 
Mapping  Radar 

1 7.  Alisa  Aerosol  Lidar  Ocean  Altimeter 

18.  IKAR-D:  RP-225  Microwave 
Radiometer  (Scanning) 

19.  Delta-ZP  Multi  Channel 
Scanning  Radiometer 

20.  Meteor/Thermal  Shield  Over 
Propellent  Tank  (4) 
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FIGURE  3.23  PLANNED  INITIAL  DOCKING  OF  MIR  AND  US  SPACE  SHUTTLE. 


FIGURE  3.24  MIR-US  SPACE  SHUTTLE  DOCKING  WITH  SPECIAL  DOCKING  MODULE. 


References  -  Section  3 


1.  A.  Lawler,  “Details  of  Redesign  Team  Findings  Sent  to  White  House**,  Space  News.  14-20  June  1993,  p.  20. 

2.  P.  Mann  and  J.R.  Asker,  “Clinton  Backs  Smaller,  Cheaper  Space  Station**,  Aviation  Week  and  Space 
Technology.  21  June  1993,  pp.  20-21. 

3.  D.  Payson,  Rossivskiye  Vestl.  1  June  1993,  p.  8. 

4.  Russian-American  Cooperation  in  Manned  Space  Stations.  Working  Group  report,  August,  1993. 

5.  A.  Lawler,  “White  House  Considers  Mir  Option”,  Space  News.  23-29  August  1993,  pp.  1,  20. 

6.  Alpha  Station  Program  Impiementation  Plan.  NASA,  September,  1993. 

7.  Space  Station  Transition  Plan.  NASA,  7  September  1993. 

8.  P.  Mann,  “U.S.,  Russia  Draft  Historic  Space  Pact”,  Aviation  Week  and  Space  Technology.  6  September 
1993,  pp.  22-23. 

9.  J.R.  Asker,  “NASA  Details  New  Station  Plans”,  Aviation  Week  and  Space  Technology.  13  September  1993, 
pp.  20-21. 

10.  A.  Zak,  Nezavisimava  Gazeta.  29  September  1993,  p.  6. 

11.  R.H.  Kohrs  and  E.K.  Huckins,  “An  Update  on  the  Development  of  the  Space  Station”,  Paper  IAF-93- 
T.1.495,  44th  Congress  of  the  International  Astronautical  Federation,  October  1993. 

12  A.F.  Gearing,  et  al,  “U.S./Russian  Cooperation  on  Space  Station:  The  NASA/NPO  Energia  Studies 
Contract”,  Paper  IAF-93-T.6.532,  44th  Congress  of  the  International  Astronautical  Federation,  October 
1993. 

13l  Alpha  Station  Addendum  to  Program  implementation  Plan.  NASA,  1  November  1993. 

1 4.  Trud.  1 7  November  1 993,  p.  1 . 

15.  Letter  Contract  NASI  5-1 01 10  between  NASA  and  the  Russian  Space  Agency  for  Supplies  and  Services 
Relating  to  Mir-1  and  the  International  Space  Station:  Phase  One  and  Selected  Phase  Two  Activities,  signed 
December  1993. 

16.  International  Space  Station  Alpha  Reference  Guide.  Boeing  Missiles  &  Space  Division  for  NASA,  CSA, 
ESA,  ASI,  NASDA,  and  RSA,  30  November  1994. 

17.  K.  Lantratov,  International  Space  Station  Alpha.  Novosti  Kosmonavtiki  special  edition,  July  1995. 

18.  Spacelab  Data  Book.  ESA  BR-14,  ESA,  September  1983. 

19.  D.J.  Shapland  and  F.  Rositto,  “European  Manned  Space  Programmes”,  Spaceflight.  February  1994,  pp.  54- 
56.  See  Section  3.8  for  details  on  the  Euromir  94  and  Euromir  95  missions. 


128 


20.  All  About  the  European  Space  Agency,  May  1995,  p.  7. 

21.  Annual  Report  ^94.  ESA,  1995,  pp.  62-65. 

22.  P.B.  de  Selding,  “Europeans  Consider  Shrinking  Their  Station  Laboratory”,  Space  News.  19-25  July  1993, 

p.  22. 

23.  P.B.  de  Selding,  “Europe  Faces  Station  Choice”,  Space  News.  26  September  -  2  October  1994,  p.  1. 

24.  P.  Langereux,  “Un  Module  Habite  European  Reduit  De  Moitie”,  Air  &  Cosmos.  4  November  1994,  p.  37. 

25.  Columbus.  A  User's  Mroduction.  ESA  BR-62,  ESA,  September,  1989. 

26.  J.  M.  Lenorovitz,  “European  Industry  Submits  Proposal  For  Space  Station  Design/Development”,  Aviation 
Week  and  Space  Technology.  1 6  October  1 989,  p.  22. 

27.  Columbus.  Europe  Bound  for  the  21st  Century.  ESA,  1987. 

28.  Annual  Report  ‘93.  ESA,  1994,  pp.  59-61. 

29.  M.  Senechal,  “Demonstrating  Reentry”,  Space.  May-June  1995,  pp.  18-20. 

30.  C.  Lardier,  “La  Capsule  ARD  Sera  Livree  En  Janvier  1996”,  Air  &  Cosmos.  9  June  1995,  p.  78. 

31.  P.B.  de  Selding,  “Fillon  Backs  Crew  Capsule”,  Space  News.  3-9  July  1995,  pp.  3,  20. 

32.  P.  Langereux,  “Rendezvous  En  Decembre  Sur  Les  Projects  De  L’ESA”,  Air  &  Cosmos.  October  1993,  p.  42. 

33.  P.B.  de  Selding,  “ESA  Board  Approves  Capsule  Research”,  Space  News.  6-12  December  1993,  pp.  1,  20. 

34.  “Assured  Crew  Return  Vehicle”,  Spaceflight.  October  1993,  pp.  328-329. 

35.  “ESA  Sets  Reentry  Test”,  Aviation  Week  and  Space  Technology.  12  September  1994,  p.  28. 

36.  P.B.  de  Selding,  “ESA  To  Develop  Recoverable  Orbital  Capsule”,  Space  News.  3-9  October  1994,  p.  6. 

37.  P.  Moller,  et  al,  “EVA  Suit  2000”,  Paper  IAF/IAA-93-6.4.164,  44th  Congress  of  the  International 
Astronautical  Federation,  October  1993. 

38.  “EVA  Suit”,  Spaceflight.  October  1 993,  pp.  330-331 . 

39.  “ESA’s  Space  Infrastructure  Plans”,  Spaceflight.  October  1993,  pp.  330-331. 

40.  “ESA  Seeks  Space  Cooperation  with  Russia”,  Spaceflight.  October  1993,  pp.  326-327. 

41 .  ITAR-TASS  News  Agency.  5  October  1 994. 


129 


42.  P.B.  de  Selding,  “ESA,  Russians  Discussing  Joint  Station  Projects”,  Space  News.  10  October  1994,  pp.  1, 

20. 

43.  “Europe  OKs  Robot  Arm,  Defers  Other  Decisions”,  Space  News.  19-25  September  1994,  p.  2. 

44.  P.B.  de  Selding,  “Europe  Drops  Shuttle  Effort”,  Space  News.  27  September  -  3  October  1993,  pp.  1,  28. 

45.  C.  Lardier,  “J-F  Clervoy  Cinquieme  Francois  De  L'Espace”,  Air  &  Cosmos.  11  November  1994,  pp.  36-37. 

46.  C.  Lardier,  T’ Astronauts  Jean-Francois  Clervoy  Pourralt  Revoler  Dans  2  ou  3  Ans”,  Air  &  Cosmos. 
23  December  1 994,  p.  61 . 

47.  A.  Ducrocq,  “Pour  Que  La  Station  Ne  Soit  Pas  Pernicleuse”,  Air  &  Cosmos.  9  December  1994,  p.  37. 

48.  J.-L.  Chretien,  “Vols  D'Astronautes  Francais  en  1996-97”,  Air  &  Cosmos.  6  January  1995,  p.  60. 

49.  “La  Mission  Cassiopee  Passe  De  14  a  16  Jours”,  Air  &  Cosmos.  13  January  1995,  p.  39. 

50.  Experiments  In  Space.  The  Second  German  Spacelab  Mission  D-2.  DLR,  1 992. 

51.  M.H.  Keller  and  P.R.  Sahm,  “The  German  Spacelab  Mission  D2:  A  Scientific  and  Technological  Challenge”, 
Earth  Space  Review.  Vol.  3,  No.  1 , 1 994,  pp.  11-21. 

52.  R.  Shuiling,  “Columbia  Reaches  ‘100th  Day  in  Space*:  Shuttle  Program  Clocks  Up  ‘One  Year  In  Space*”, 
Spaceflight.  July  1 993,  pp.  232-236. 

53.  J.M.  Lenorovitz,  “Politics  May  Force  German  Space  Station  Cuts”,  Aviation  Week  and  Space  Technology. 
3  May  1993,  p.  58. 

54.  J.T.  McKenna,  “Mission  Tests  Techniques  for  Space  Station  Work”.  Aviation  Week  and  Space  Technology. 
18  July  1994,  pp.  82-83. 

55.  Kvodo  News  Service.  11  October  1994. 

56.  NASDA.  National  Space  Development  Aaencv  of  Japan.  NASDA,  1994,  pp.  11-12,  25-26. 

57.  NASDA  Report.  NASDA,  No.  24,  Spring  1994,  pp.  12-13  and  No.  36,  June  1995,  pp.  5-6. 

58.  N.W.  Davis.  “Japan  Prepares  for  Crewed  Space  Activities”,  Aerospace  America.  September  1994,  pp.  6-8. 

59.  “Japanese  To  Announce  JEM  Experiment  Selections”,  Space  News.  19-25  July  1995,  p.  14. 

60.  “Japan  Begins  $2.5-Billion  Effort  To  Develop  Freedom  Station  Module”,  Aviation  Week  and  Space 
Technology.  20  August  1 990,  pp.  79,  82. 

61.  L.  David,  “Japan's  Space  Station  Contribution  Enters  Critical  Stage”,  Space  News.  24-30  September  1990, 

pp.10,12. 


130 


62.  K.  P.  Dawson,  "Japan’s  Station  Program  Nears  Start  of  Key  Design  Review”,  Space  News.  25  November-1 
December  1991,  p.  18. 

63.  K.  P.  Dawson,  “Japan  Begins  Building  Station  Module  Model”,  Space  News.  16-22  November  1992,  p.  23. 

64.  E.  Sekigawa,  “Japan  Committed  to  Space  Station”,  Aviation  Week  and  Space  Technology.  5  April  1993,  p.  59. 

65.  “Shuttle  to  Carry  Chinese  Astronaut”,  Aviation  Week  and  Space  Technology.  9  April  1984,  p.  16. 

66.  Orlando  Sentinel  Star.  Orlando,  21  January  1979,  p.  4-D. 

67.  “China  Beginning  Manned  Space  Effort”,  Aviation  Week  and  Space  Technology.  28  May  1979,  pp.  26-27. 

68.  L.  Mathews,  “China  Trains  Its  First  Astronauts”,  Los  Angeles  Times.  13  January  1980,  p.  18. 

69.  “Astronaut  Candidates  Training  in  China  for  Future  Missions”,  Aviation  Week  and  Space  Technology. 
4  February  1 980,  p.  57. 

70.  “Chinese  Astronauts  Train  In  Simulators”,  Aviation  Week  and  Space  Technology.  26  January  1981,  pp.  62- 
63. 

71.  “Chinese  Space  Station,  As  ‘Head  of  a  Dragon*,  Would  Boost  Economy”,  Aerospace  Daily.  10  December 
1985,  pp.  198-199. 

72.  Liu  Jl-yuan  and  Min  Gui-rong,  ‘The  Progress  of  China’s  Astronautics”,  U.S.  Space  Foundation  Symposium, 
Colorado  Springs,  22  January  1987. 

73.  “China  Plans  Space  Station/Cargo  Vehicle”,  Defense  Daily.  11  June  1987,  p.  239. 

74.  C.  Covault,  “China  Developing  Technology  for  Future  Manned  Space  Flight”,  Aviation  Week  and  Space 
Technology.  29  June  1987,  pp.  22-23. 

75.  “Chinese  Studies  on  Space  Station  Begin”,  Defense  Daily.  28  September  1987,  p.  159. 

76.  Y.  Chen,  “China’s  Space  Policy  -  A  Historical TIeview”,  Space  Policy.  May  1991 ,  pp.  116-128. 

77.  “China  Eyes  Manned  Space  Capsule”,  Aviation  Week  and  Space  Technology.  10  December  1990,  p.  24. 

78.  Zhongguo  Tongxun  She  News  Agency.  31  October  1992. 

79.  A.  Lawler,  “Chinese  Propose  Building  Capsule  To  Orbit  Astronauts”,  Space  News.  31  January  -  6  February 
1994,  pp.  1,20. 

80.  A.  Lawler  and  B.  Opall,  “Chinese  Consider  Buying  Russian  Soyuz  Technology”,  Space  News.  11-17  July  1994, 
pp.  1,  20. 

81.  Interfax  News  Agency.  3  March  1995. 


131 


82. 


ITAR-TASS  News  Aaencv.  1 4  March  1 995. 


83.  “PRC  Evaluating  Possible  Participation  in  Space  Station",  Aviation  Week  and  Space  Technology.  26  May 
1986,  pp.  21-23. 

84.  “Chinese  Officials  Probe  Potential  Station  Role”,  Space  News.  31  October  -  6  November  1994,  p.  2. 

85.  Z.  Huang,  “Fully  Reusable  Launch  Vehicle  with  Airbreathing  Booster”,  IAF-83-376,  34th  Congress  of  the 
International  Astronautical  Federation,  10-15  October  1983. 

86.  The  “Sovuz”  Transportation  Spacecraft,  brochure  issued  by  Energiya  NPO,  1991  and  later  editions. 

87.  V.  A.  Pivnyuk,  Space  Station  Handbook.  Matson  Press,  1992. 

88.  Yu.  Semenov  and  V.  Timchenko,  Pravda.  5  August  1 987,  p.  3. 

89.  W.R.  Matson,  ed..  Cosmonautics.  A  Colorful  History.  Cosmos  Books,  1994. 

90.  S.P.  Korolev  Space  Corporation  Eneraia.  RKK  Energiya,  1994. 

91.  Progress  M.  technical  specification  sheet  distributed  by  Energiya  NPO,  1991. 

92.  Recoverable  Ballistic  Capsule,  technical  specification  sheet  distributed  by  Energiya  NPO,  1990. 

93.  Krasnaya  Zvezda.  23  August  1 989,  p.  3. 

94.  Gudok.  26  August  1989.  p.  4. 

95.  Sovetskava  Rossiva.  26  August  1 989,  p.  1 . 

96.  I.  Pochkayev,  et  al,  Aviatsiva  I  Kosmonavtika.  September  1987,  pp.  44-45. 

97.  J.  K.  Beatty,  ‘The  High-Flying  Kvant  Module”,  Skv  and  Telescope.  December  1987,  pp.  599-601. 

98.  “77  KSD,  Extension  Module”,  technical  specifications  brochure  distributed  by  Khrunichev  Machine  Building 
Plant,  1989. 

99.  M.  M.  Lemelev,  Zemiva  I  Vselennava.  May-June  1 990,  pp.  3-1 1 . 

100.  G.  Glabay,  Aviatsiva  I  Kosmonavtika.  February  1991,  pp.  46-47. 

101.  G.  Lomanov.  Sotsialisticheskava  Industriva.  2  August  1989,  p.  4. 

102.  Krasnaya  Zvezda.  2  December  1989.  p.  5. 

103.  Pravda.  27  November  1 989,  p.  1 . 


132 


104.  “77  KST,  Docking  Support  Module”,  technical  specifications  brochure  distributed  by  Khrunichev  Machine 
Building  Plant,  1989. 

105.  G.  Sergeyev,  Aviatsiva  I  Kosmonavtika.  March  1991,  pp.  46-47. 

106.  Krasnaya  Zvezda.  4  April  1990,  p.  3. 

107.  Pravda.  1  June  1 990.  p.  3. 

108.  For  additional  historical  and  operation  details  of  the  Soviet/Russian  space  station  programs  see. 

User’s  Guide.  Permanent  Orbital  Modular  Complex  "Mir”,  undated. 

A  Russian  Space  Station:  The  Mir  Complex.  TD501,  Mission  Operations  Directorate,  NASA  Johnson  Space 
Center,  1 0  February  1 994. 

D.S.  Portree,  Mir  Hardware  Heritage.  RP  1357,  NASA  Johnson  Space  Center,  March  1995. 

109.  ITAR-TASS  News  Aaencv.  11  December  1992. 

11Q  ITAR-TASS  News  Aaencv.  12, 15, 19,  22,  23,  and  24  January  1993. 

111.  S.  Leskov,  Izvestiva.  1 1  January  1 993,  p.  2. 

112  Novosti  Kosmonavtiki.  1-17  January  1993.  pp.  5-7. 

113  Novosti  Kosmonavtiki.  18-31  January  1993,  pp.  5-10. 

114.  V.  Baberdin,  Krasnava  Zvezda.  27  January  1993,  p.  1. 

1 15  ITAR-TASS  News  Agency.  25  and  26  January  1 993. 

116  Novosti  Kosmonavtiki.  1-14  February  1993,  pp.  5-12. 

117.  ITAR-TASS  News  Aaencv.  1  February  1993. 

113  A.  Konakov,  Rossivskive  Vesti.  13  February  1993,  p.  5. 

119.  B.  Olesyuk,  Gudok.  20  February  1993,  p.  3. 

120.  ITAR-TASS  News  Aaencv.  3  February  1993. 

121.  ITAR-TASS  News  Aaencv.  4  February  1993. 

122.  V.  Lagovskiy,  Rabochava  Tribuna.  5  February  1993,  p.  8. 

123.  S.  Leskov,  Izvestiya.  10  February  1993,  p.  6. 

124.  Narodnava  Armiya.  22  January  1993.  p.  4. 


133 


125.  Space  Experiment  Znamva.  technical  materials,  NPO  Energiya  and  Space  Regatta  Consortium,  1993. 

126.  “Space  Experiment  Znamya”,  Aviation  &  Space  News.  Vol.  1,  No.  1, 1993,  p.  2. 

127.  Y.  Meshkov,  Nezavisimaya  Gazeta.  9  January  1992. 

128.  M.  Rebrov,  Krasnava  Zvezda.  13  December  1991,  p.  4. 

129.  Kosmicheskive  Issledovaniva.  July-October  1994,  pp.  186-193  and  213-216. 

130.  N.  Kidger,  “Mir  Mission  Report",  Spaceflight.  May  1993,  pp.  173-175. 

131.  ITAR-TASS  News  Aaencv.  5-7  February  1993. 

132.  ITAR-TASS  News  Agency.  9, 12,  and  24  February  1993  and  2,  5,  9, 12, 19,  and  23  March  1993. 

133.  ITAR-TASS  News  Aaencv.  26  and  27  March  1993. 

134.  ITAR-TASS  News  Agency.  19  April  1993. 

135.  V.  Kiernan,  “Mir  Equipment  Breaks,  Delays  Next  Two  Spacewalks”,  Space  News.  26  April  -  2  May  1993, 

p.11. 

136.  NovostI  Kosmonavtikl.  12-25  April  1995,  pp.  6-9. 

137.  NovostI  Kosmonavtikl.  1 0-23  May  1 995,  pp.  5-8  and  24  May  -  6  June  1 993,  pp.  5-9. 

138.  ITAR-TASS  News  Agency.  13.  22.  and  24  May  1993. 

139.  “March  Launch  of  Progress  To  Carry  Sculpture  to  Mir”,  Space  News.  8-14  February  1993,  p.  12. 

140.  A.  Woods,  “Art  in  Space:  The  Spaceflight  of  the  Cosmic  Dancer  Sculpture”,  Earth  Space  Review.  Vol.  3, 
No.  2,  1994,  pp.  9-14. 

141.  ITAR-TASS  News  Aaencv.  18.  19.  and  22  June  1993. 

142.  NovostI  Kosmonavtikl.  7-20  June  1993.  pp.  5-11. 

143.  NovostI  Kosmonavtikl.  21  June  -  4  July  1993,  pp.  8-23. 

144.  M.  Rebrov,  Krasnava  Zvezda.  26  June  1993,  p.  3,  and  1  July  1993,  p.  1. 

145.  V.  Kamvshev.  Gudok.  2  July  1993.  p.  4. 

146.  P.B.  de  Selding,  “French  Astronaut  Prepares  for  July  Trip  to  Russia’s  Mir  Space  Station”,  Space  News.  15- 
21  March  1993,  p.  10. 

147.  C.  Lardier,  “Mission  Altair:  Un  Francais  A  Bord  De  Mir”,  Air  &  Cosmos.  12-25  July  1993,  p.  80. 


134 


148. 


IIAB  JASS,  News  Agency.  3-5  July  1993. 


149.  J.M.  Lenorovitz,  “Russian  Capsule  Returns  Data  from  Mir  Space  Station”,  Aviation  Week  and  Space 
Technolocav.  12  July  1993,  pp.  25,  28. 

150.  ITAR-TASS  News  Aaencv.  4,  5,  6,  9,  13,  and  22  July  1993. 

151.  N.  Kidger,  “Mir  Mission  Report”,  Spaceflight.  May  1994,  pp.  152-156. 

152.  Novosti  Kosmonavtiki.  5-18  July  1993,  pp.  9-16  and  19  July  - 1  August  1993,  pp.  5-9. 

153.  Novosti  Kosmonavtiki.  2-15  August  1993,  pp.  5-9. 

154.  M.  Rebrov,  Krasnaya  Zvezda.  14  July  1993,  p.  1. 

155.  ITAR-TASS  News  Aaencv.  1 1  and  13  August  1993. 

156.  Krasnaya  Zvezda.  15  September  1993,  p.  1. 

157.  V.  Kamyshev,  Gudok.  16  September  1993,  p.  3. 

1 58.  ITAR-TASS  News  Aaencv.  1 6  and  20  September  1 993. 

159.  Moskovskava  Pravda.  23  September  1993,  p.  8. 

160.  Novosti  Kosmonavtiki.  13-26  September  1993,  pp.  5-14. 

161.  Ostankino  Channel  1  TV.  28  September  1 993. 

162.  Novosti  Kosmonavtiki.  25  September  -  8  October  1 993,  pp.  5-12. 

1 63.  Russians  Radio.  8  October  1 993. 

164.  V.  Baberdin,  Krasnava  Zvezda.  15  October  1993,  p.  3. 

1 65.  ITAR-TASS  News  Aaencv.  1 3  and  1 4  October  1 993. 

166.  Novosti  Kosmonavtiki.  9-22  October  1993,  pp.  5-10. 

167.  “Russia  Launches  Boeing  Experiment  To  Mir”,  Aviation  Week  and  Space  Technology.  18  October  1993,  p.  30. 

168.  B.  lannotta,  “Firms  Test  Crystal  Technology,  Delivery  Aboard  Mif,  Space  News.  18  October  1993,  p.  26. 

169.  Novosti  Kosmonavtiki.  23  October  -  5  November  1993,  pp.  5-12. 

170.  ITAR-TASS  News  Agency.  22  and  29  October  1993. 

171.  ITAR-TASS  News  Aaencv.  21  November  1993. 


135 


172.  “Boeing,  Energia  Retrieve  Crystais  Grown  Aboard  Mir”,  Space  News.  3-9  January  1994,  p.  13. 

173.  Novosti  Kosmonavtiki.  6-19  November  1993,  pp.  5-9;  20  November  -  3  December  1993,  pp.  6-9;  4-17 
December  1 993,  pp.  6-9;  and  18-31  December  1 993,  pp.  7-12. 

174.  Moskovskava  Pravda.  23  December  1993.  p.  IS. 

1TO.  ITAR-TASS  News  Aaencv.  15  December  1993. 

176.  Krasnaya  Zvezda.  3  August  1993,  pp.  1-2. 

177.  V.  Ivanov,  Trud.  6  August  1993,  p.  4. 

178.  Europe  and  Asia  in  Space  1991-1992.  pp.  68-69. 

179.  M.  Rebrov.  Krasnava  Zvezda.  31  July  1993.  p.  3. 

180.  V.  Baberdin,  Krasnava  Zvezda.  6  January  1994,  p.  3. 

181.  ITAR-TASS  News  Aaencv.  1 7  December  1 993. 

182.  V.  Kamyshev,  Gudok.  31  December  1993,  p.  4. 

183.  ITAR-TASS  News  Aaencv.  7.  8. 10. 12.  and  14  January  1994. 

184.  V.  Baberdin.  Krasnava  Zvezda.  20  January  1994.  p.  1. 

185.  ITAR-TASS  News  Aaencv.  4  February  1994. 

186.  V.  Chernobrov,  Rossivskive  Vesti.  21  January  1994,  p.  8. 

187.  M.  Chernyshev,  Seaodnva.  26  January  1994,  p.  1. 

188.  Novosti  Kosmonavtiki.  1-14  January  1994,  pp.  7-25. 

189.  S.  Leskov,  Izvestiva.  19  January  1994,  p.  3. 

190.  V.  Baberdin,  Krasnava  Zvezda.  26  February  1994,  p.  3. 

191.  Moskovskava  Pravda.  28  January  1994,  p.  15. 

192.  ITAR-TASS  News  Aaencv.  28  and  30  January  1994. 

1 93.  Novosti  Kosmonavtiki.  1 5-28  January  1 994,  pp.  6-11. 

194.  Izvestiva.  12  January  1994.  p.  3. 

195.  D.  Kholodov,  Moskovskiv  Komsomolets.  19  January  1994,  p.  1. 


136 


196. 


ITAR-TASS  N^W$  Ag^npy,  2,  3,  and  22  March  1993. 


197.  Novosti  Kosmonavtiki.  29  January  - 11  February  1994,  pp.  5-8;  12-25  February  1994,  pp.  5-8;  26  February  - 

1 1  March  1994,  pp.  8-13;  and  12-25  March  1994,  pp.  5-9. 

198.  ITAR-TASS  News  Aaencv.  22-24  March  1994. 

199.  C.  Covault,  “Mir  Fires  Beams  At  Swedish  Satellite”,  Aviation  Week  and  Space  Technology.  4  April  1994, 
pp.  71-72. 

200.  ITAR-TASS  N.g.vy.§.Aa^.Dgy.  i  April  1994. 

201 .  ITAR-TASS  News  Aaencv.  1 7,  20,  22,  23.  and  24  May  1 994. 

202.  Novosti  Kosmonavtiki.  26  March  -  8  April  1994,  pp.  6-10;  9-22  April  1994,  pp.  7-10;  23  April  -  6  May  1994, 
pp.  5-7;  and  7  May  -  3  June  1994,  pp.  6-12. 

203.  Kazakh  TV.  5  May  1 994. 

204.  Radio  Moscow.  8  June  1994. 

205.  ITAR-TASS  News  Aaencv.  1 7  June  1 994. 

206.  Vozdushnw  Transport.  July  1 994,  p.  1 1 . 

207.  S.  Novikov,  Seaodnva.  16  June  1994,  p.  9. 

208.  O.  Volkov,  Novaya  Yezhednevnaya.  1  July  1994,  p.  2. 

209.  U.  Sultangazin,  Sovety  Kazakhstana.  30  July  1994,  p.  2. 

210.  Novosti  Kosmonavtiki.  4  June  - 1  July  1 994,  pp.  8-1 4  and  2-1 5  July  1 994,  pp.  5-21 . 

211.  M.  Rebrov,  Krasnava  Zvezda.  1  July  1994,  p.  1;  5  July  1994,  p.  3;  and  12  July  1994,  p.  1. 

212.  ITAR-TASS  News  Aaencv.  3  July  1994. 

213.  ITAR-TASS  News  Aaencv.  25,  27,  and  29  August  1994. 

214.  Novosti  Kosmonavtiki.  13-26  August  1994,  pp.  11-14  and  27  August  -  9  September  1 994,  pp.  5-19. 

215.  ITAR-TASS  News  Agency.  30  August  and  1  -2  September  1 994. 

216.  J.M.  Lenorovitz,  “Russians  Cite  Radar  for  Mir  Docking  Woes”,  Aviation  Week  and  Space  Technology. 

1 2  September  1 994,  p.  77. 

217.  A.  Lawler,  “Progress  Mission  Rescued”,  Space  News.  5-11  September  1994,  pp.  1,  20. 


137 


218.  ITAR-TASS  News  Agency.  9  and  13  September  1994. 


219.  "Mir  Undamaged  By  Progress  Bump”,  Aviation  Week  and  Space  Technology.  19  September  1994,  p.  71. 

220.  Novosti  Kosmonavtiki.  10-23  September  1994,  pp.  5-12. 

221.  V.  Khrustov,  Rossivskive  Vestl.  10  September  1994,  p.  1. 

222.  ESA  Press  Release  Nr.  16-94,  ESA,  30  May  1994. 

223.  ITAR-TASS  News  Aaencv.  4  October  1994. 

224.  Novosti  Kosmonavtiki.  24  September  -  7  October  1994,  pp.  5-21. 

225.  ITAR-TASS  News  Agency.  5  and  6  October  1994. 

226.  V.  Golovachev,  Trud.  7  October  1994,  p.  2. 

227.  Interfax  News  Aaencv.  26  August  1993. 

228.  “ESA  Astronauts  for  Mir”,  Spaceflight.  September  1994,  pp.  305-307. 

229.  N.  Kidger,  “Mir  Mission  Report”,  Spaceflight.  February  1995,  pp.  53-59. 

230.  “Summary  of  Experiments:  Mir  16  and  Euromir  Crews”,  press  release,  NPO  Energia  Ltd,  10  November  1994. 

231.  C.  Covauit,  “ESA/Russia  Flight  Opens  New  Space  Station  Era”,  Aviation  Week  and  Space  Technology. 
26  September  1 994,  pp.  84-85. 

232.  C.  Lardier,  “Euromir-94  Doit  Etre  Lance  Le  3  Octobre”,  Air  &  Cosmos.  30  September  1994,  pp,  30-31. 

233.  “European  Astronauts  for  Mir”,  Spaceflight.  March  1994,  pp.  76-77. 

234.  I.  Parker,  “Euromir  in  Focus”,  Space.  January-February  1995,  pp.  12-16. 

235.  D.  Pogorzhelskiy,  Novoye  Vremva.  October  1994,  pp.  24-25. 

236.  J.W.  Powell,  “Euromir  94:  Longest  European  Spaceflight”,  Countdown.  March/April  1995,  pp.  40-41. 

237.  Interfax  News  Agency.  12  October  1994. 

238.  Radio  Moscow.  1 3  October  1 994. 

239.  ITAR-TASS  News  Agency.  14  and  18  October  1994. 

240.  S.  Leskov,  Izvestiva.  14  October  1994,  p.  1. 

241.  Novosti  Kosmonavtiki.  8-21  October  1994,  pp.  5-16. 


138 


242.  B.  lannotta,  ‘‘Power  Shortage  Forces  Crew  at  Mir  To  Rely  on  Backup”,  Space  News.  24  October  1994,  p.  9. 


243.  “Mir  Faces  New  Woes”,  Aviation  Week  and  Space  Technology.  24  October  1994,  p.  25. 

244.  P.B.  de  Selding,  “Furnace  Failure  Could  Threaten  Mir  Research”,  Space  News.  31  October  -  6  November 

1994,  pp.  3, 21. 

245.  “Mir  Furnace  Failure  Fallout”,  Space  News.  14-20  November  1994,  p.  17. 

246.  Novosti  Kosmonavtiki.  22  October  -  4  November  1994,  pp.  8-19. 

247.  Interfax  News  Aaencv.  2  November  1994. 

248.  ITAR-TASS  News  Aaencv.  2  November  1994. 

249.  V.  Baberdin,  Krasnava  Zvezda.  2  November  1994,  p.  1. 

250.  C.  Covault,  “Crew  Test  Mir’s  Docking  System”,  Aviation  Week  and  Space  Technology.  7  November  1994, 

p.  66. 

251.  ITAR-TASS  News  Aaencv.  4  and  6  November  1994. 

252.  ITAR-TASS  News  Aaencv.  1 1  and  13  November  1994. 

253.  Novosti  Kosmonavtiki.  5-18  November  1994,  pp.  6-15. 

254.  ITAR-TASS  News  Aaencv.  17  November  1994. 

255.  ITAR-TASS  News  Aaencv.  1 0  May  1 994. 

256.  ITAR-TASS  News  Aaencv.  13  May  1994. 

257.  ITAR-TASS  News  Aaencv.  18  February  1994. 

258.  V.  Baberdin,  Krasnava  Zvezda.  22  February  1994,  p.  1  and  15  July  1994,  p.  2. 

259.  ITAR-TASS  News  Aaencv.  20  June  and  1  September  1994. 

260.  V.  Romanenkova,  Seaodnva.  1  September  1994,  p.  9. 

261.  Rossiyskava  Gazeta.  14  January  1994,  p.  1. 

262.  ITAR-TASS  News  Aaencv.  2  February  1994. 


139 


4.0  EARTH  APPLICATIONS  PROGRAMS 


The  overwhelming  majority  of  operational 
satellites  are  devoted  to  Earth  applications  pro¬ 
grams  in  the  fields  of  communications,  naviga¬ 
tion,  geodesy.  Earth  observation  and  remote 
sensing,  and  materials  science.  By  their  very 
nature,  these  missions  may  be  sponsored  by 
civil,  military,  or  government  agencies  or  may 
support  multiple  users.  Earth  applications 
spacecraft  may  range  in  mass  from  50  kg  to 
nearly  20,000  kg  and  may  be  short-lived  in 
orbits  as  low  as  150  km  or  may  be  operational 
for  ten  years  or  more  in  orbits  as  high  as  36,000 
km.  Perhaps  more  importantly.  Earth  applica¬ 
tions  satellites  are  operated  by  more  nations 
and  international  organizations  than  any  other 
class  of  spacecraft. 

4.1  COMMUNICATIONS 

Space-based  communications  systems 
continue  to  represent  the  major  area  of  satellite 
applications  for  all  Eurasian  countries.  For 
many  non-launching  countries,  communications 
satellites  constitute  their  only  national  space 
systems.  Globally,  more  than  half  of  all  opera¬ 
tional  spacecraft  are  devoted  to  telecommuni¬ 
cations.  Of  the  124  European  and  Asian  space 
launch  attempts  conducted  during  1993-1994, 
more  than  one-third  carried  at  least  one  com¬ 
munications  spacecraft  for  either  domestic  or 
commercial  purposes.  The  vast  majority  of 
these  spacecraft  are  placed  in  geosynchronous 
orbits,  and  by  the  end  of  1994  a  total  of  123 
GEO  communications  spacecraft  were  in  ser¬ 
vice  for  European  and  Asian  operators  (Table 
4.1). 

4.1.1  European  Space  Agency 

Telecommunications  not  only  was  the  sub¬ 
ject  of  ESA’s  first  Earth  applications  satellite 
program  but  also  has  remained  a  high  priority  of 
the  organization.  Although  only  a  few  ESA  GEO 
communications  satellites  were  operational  dur¬ 
ing  1993-1994,  the  influence  of  ESA  has  been 
far  greater  due  to  the  transfer  of  spacecraft  to 
the  fledgling  EUTELSAT  and  INMARSAT  pro¬ 
grams.  Throughout  its  history  ESA  has  focused 
on  communications  technology  development 
rather  than  network  operations.  One  of  the 
agency’s  three  major  satellite  engineering  pro¬ 
grams  is  the  Data  Relay  Satellite  (DRS)  sched¬ 
uled  for  launch  near  the  end  of  this  decade. 


The  Orbital  Test  Satellite  (OTS)  program 
was  inherited  by  ESA  in  1 975  from  its  predeces¬ 
sor,  the  European  Space  Research  Organiza¬ 
tion  (ESRO).  Two  of  the  experimental  space¬ 
craft  were  built,  but  the  first  vehicle  was  lost 
during  a  Delta  launch  failure  in  1977.  The  fol¬ 
lowing  year  OTS-2  became  one  of  the  first  GEO 
communications  satellite  to  carry  six  Ku-band 
(14/11  GHz)  transponders  and  was  capable  of 
handling  7,200  telephone  circuits.  With  a  mass 
of  approximately  445  kg  on  station,  the  OTS-2 
bus  was  hexagonal  with  overall  dimensions  of 
2.4  m  by  2.1  m.  Two  solar  panels  with  a  span  of 
9.3  m  provided  0.6  kW  of  electrical  power.  Brit¬ 
ish  Aerospace  was  the  prime  contractor  from 
the  European  MESH  consortium  which  devel¬ 
oped  the  OTS  vehicle.  OTS-2  completed  its  pri¬ 
mary  mission  in  1984  after  which  the  spacecraft 
was  involved  in  a  6-year  program  of  experi¬ 
ments,  including  the  testing  of  a  new  attitude 
control  technique  taking  advantage  of  solar 
wind  forces.  In  January,  1991,  OTS-2  was 
moved  out  of  the  geostationary  ring  and  into  a 
graveyard  orbit  (Reference  1). 

Based  on  the  OTS  experience,  ESA  devel¬ 
oped  and  launched  the  European  Communica¬ 
tions  Satellite  (ECS)  and  the  Maritime  ECS 
(MARECS)  in  the  early  1980’s.  These  assets 
were  later  transferred  or  leased  to  the  EUTEL¬ 
SAT  and  INMARSAT  organizations,  respec¬ 
tively.  In  all,  six  satellites  of  this  class  were  suc¬ 
cessfully  launched  under  sponsorship  of  ESA 
during  the  period  1981-1988,  and  at  the  end  of 
1994  five  were  still  in  active  or  reserve  status. 

MARECS  spacecraft  are  roughly  0.55  met¬ 
ric  tons  on-station  and  have  a  design  life  of  7 
years,  although  both  deployed  MARECS  vehi¬ 
cles  have  exceeded  that  goal.  The  primary  pay- 
load  consists  of  6/4  GHz  and  1.6/1 .5  GHz  tran¬ 
sponders  for  fixed  and  mobile  users, 
respectively.  Only  three  MARECS  spacecraft 
were  built,  and  the  second,  MARECS  B1,  was 
lost  in  a  launch  accident  in  1982. 

At  the  end  of  1994  MARECS  A  was  no 
longer  in  service  but  was  the  subject  of  mobile 
communications  testing  near  22.5°  E.  (Refer¬ 
ence  2).  MARECS  B2  continues  to  support 
INMARSAT  from  its  location  at  15.2°  W  (Atlantic 
Ocean  East  region). 

ESA’s  Olympus  communications  technol¬ 
ogy  test  bed  (formerly  known  as  L-Sat)  was 
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TABLE  4.1  GEOSYNCHRONOUS  COMMUNICATIONS  SATELLITES. 


COUNTRY/ 

ORGANIZATION 


ESA 


EUTELSAT 


GERMANY 


HONGKONG 


INDONESIA 


INMARSAT 


INTELSAT 


ITALY 


JAPAN 


LUXEMBOURG 


NATO 


NORWAY 


PFC 


RUSSIAN  FEDERATION 


SAUDI  ARABIA 


SPAIN 


SWEDEN 


THAILAND 


TURKEY 


UNITED  KINGDOM 


SPACE 

SYSTEM 


MARECS 


EUTELSAT  1 
EUTELSAT  2 


TDF 

TELECOM  1 
TELECOM  2 


DFS 

TV-SAT 


INSAT  1 
INSAT  2 


PALAPA  B 


INMARSAT  2 


INTELSAT  5 
INTELSAT  5A 
INTELSAT  6 
INTELSAT? 
INTELSAT  K 


ITALSAT 


ETS 

JCSAT 

SUPERBIRD 


ASTRA  1 


NATOS 
NATO  4 


THOR  (3 


CHINA  SAT  (4) 

DFH-2 

DFH-3 


EKRAN 

EXPR^ 

GALS 

GORIZONT  (5) 
LUCH 
POTOK 
RADUGA 
RADUGA 1 


ARABSAT 1 


HISPASAT  1 


SIRIUS  (6) 
TELE-X 


THAICOM 


TURKSAT 1 


SKYNET4 


YEAR  OF 
DEBUT 


1992 


1993 
1988 

1994 


976 
994 
994 
1978 
1985 
1982 
1975 
1989 


1985 


1992 


994 

989 


1993 


1994 


1990 


TOTAL 


(1)  Includes  launch  failures 

(2)  As  of  31  December  1994 

(3)  Satellite  launched  as  Marcopolo  2  in  1990 

(4)  Satellite  launched  as  Spacenet  1  in  1984 

(5)  Includes  Gorizonts  17,  29,  and  30  operated  by  Rimsat,  Ltd,  under  a  lease  from  Tonga 

(6)  Satellite  launched  as  Marcopolo  1  in  1989 
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TABLE  4.2  PRINCIPAL  EURASIAN  GEO  COMMUNICATIONS  SPACECRAFT,  1  JANUARY  1995. 


DEGE 

SPACECRAFT 

OPERATOR 

DEGE 

SPACECRAFT 

OPERATOR 

3.0 

TELECOM  1C 

FRANCE 

71.0 

GALS1 

RUSSIA 

5.0 

TELEX 

SWEDEN 

74.0 

INSAT  2A 

INDIA 

5.4 

SIRIUS 

SWEDEN 

78.5 

THAICOM  2 

THAILAND 

6.0 

NATO  4B 

NATO 

78.5 

THAICOM  1 

THAILAND 

7.0 

EUTELSAT2F4 

EUTELSAT 

80.0 

GORIZONT24 

RUSSIA 

10.0 

EUTELSAT2F2 

EUTELSAT 

80.0 

KOSMOS  2085 

RUSSIA 

12.0 

RADUGA  22 

RUSSIA 

80.0 

KOSMOS  2291 

RUSSIA 

12.0 

RADUGA29 

RUSSIA 

83.0 

INSAT  ID 

INDIA 

13.0 

EUTELSAT2F1 

EUTELSAT 

85.0 

RADUGA  30 

RUSSIA 

13.2 

ITALSAT  1 

ITALY 

87.5 

DFH  2  FI 

FRC 

16.0 

EUTELSAT2F3 

EUTELSAT 

90.0 

GORIZONT28 

RUSSIA 

19.2 

ASTRA  1A 

LUXEMBOURG 

91.5 

INTELSAT  501 

INTELSAT 

19.2 

ASTRA  IB 

LUXEMBOURG 

93.5 

INSAT  2B 

INDIA 

19.2 

ASTRA  1C 

LUXEMBOURG 

95.0 

LUCH1 

RUSSIA 

19.2 

ASTRA  ID 

LUXEMBOURG 

96.5 

GORIZONT19 

RUSSIA 

20.0 

ARABSAT1D 

SAUDI  ARABIA 

98.0 

DFH  2  F3 

PRC 

21.5 

EUTELSAT 1  F5 

EUTELSAT 

99.0 

EKRAN  19 

RUSSIA 

22.5 

MARECSA 

ESA 

99.0 

EKRAN  20 

RUSSIA 

23.5 

DFS3 

GERMANY 

103.0 

GORIZONT25 

RUSSIA 

25.5 

EUTELSAT  1  F4 

EUTELSAT 

105.5 

AS  IAS  AT  1 

HONG  KONG 

28.5 

DFS2 

GERMANY 

108.0 

PALAPA  B2R 

INDONESIA 

31.0 

ARABSAT1C 

SAUDI  ARABIA 

110.0 

BS-3N 

JAPAN 

33.0 

DFS1 

GERMANY 

110.0 

BS-3B 

JAPAN 

35.0 

RADUGA 28 

RUSSIA 

110.0 

BS-3A 

JAPAN 

40.0 

GORIZONT22 

RUSSIA 

110.5 

DFH  2  F2 

PFC 

42.0 

TURKSAT1B 

TURKEY 

113.0 

PALAPA  B2P 

INDONESIA 

45.0 

RADUGA  31 

RUSSIA 

115.5 

CHINASAT  5 

PFC 

48.0 

EUTELSAT  1  FI 

EUTELSAT 

118.0 

PALAPA  B4 

INDONESIA 

49.0 

RADUGA  1-2 

RUSSIA 

128.0 

RADUGA  27 

RUSSIA 

49.0 

RADUGA  1-3 

RUSSIA 

130.0 

GORIZONT29 

RUSSIA* 

53.0 

GORIZONT27 

RUSSIA 

132.0 

CS-3A 

JAPAN 

53.0 

SKYNET4B 

UK 

134.0 

PALAPA  B1 

INDONESIA 

57.0 

INTELSAT  507 

INTELSAT 

134.0 

GORIZONT17 

RUSSIA* 

60.0 

INTELSAT  604 

INTELSAT 

136.0 

CS-3B 

JAPAN 

63.0 

INTELSAT  602 

INTELSAT 

138.0 

APSTAR  1 

FFC 

64.5 

INMARSAT  2  FI 

INMARSAT 

140.0 

GORIZONT18 

RUSSIA 

64.9 

INTELSAT  505 

INTELSAT 

142.5 

GORIZONT  30 

RUSSIA* 

66.0 

INTELSAT  510 

INTELSAT 

145.0 

GORIZONT21 

RUSSIA 

70.0 

RADUGA  25 

RUSSIA 

150.0 

JCSAT  1 

JAPAN 

70.0 

RADUGA  32 

RUSSIA 

150.0 

ETS-V 

JAPAN 

70.0 

RADUGA  1-1 

RUSSIA 

154.0 

JCSAT 2 

JAPAN 

70.0 

EXPRESS  1 

RUSSIA 

158.0 

SUPERBIRD  A1 

JAPAN 

*  Leased  to  Rimsat 
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TABLE  4.2  PRINCIPAL  EURASIAN  GEO  COMMUNICATIONS  SPACECRAFT, 

1  JANUARY  1995  (continued). 


DEGE 

SPACECRAFT 

OPERATOR 

162.0 

SUPERBIRD  B1 

JAPAN 

174.0 

INTELSAT  701 

INTELSAT 

177.0 

INTELSAT  703 

INTELSAT 

178.0 

INMARSAT  2  F3 

INMARSAT 

180.0 

INTELSAT  511 

INTELSAT 

183.0 

INTELSAT  503 

INTELSAT 

190.0 

RADUGA21 

RUSSIA 

305.0 

INMARSAT  2  F4 

INMARSAT 

307.0 

INTELSAT  513 

INTELSAT 

310.0 

INTELSAT  506 

INTELSAT 

319.5 

INTELSAT  502 

INTELSAT 

325.5 

INTELSAT  603 

INTELSAT 

326.0 

SKYNET4A 

UK 

328.6 

INTELSAT  504 

INTELSAT 

330.0 

HISPASAT1B 

SPAIN 

330.0 

HISPASAT  1A 

SPAIN 

332.5 

INTELSAT  601 

INTELSAT 

335.0 

RADUGA23 

RUSSIA 

335.5 

INTELSAT  605 

INTELSAT 

338.5 

INTELSAT  512 

INTELSAT 

DEGE 

SPACECRAFT 

OPERATOR 

338.5 

INTELSAT K 

INTELSAT 

339.0 

NATO  3D 

NATO 

340.8 

TVSAT2 

GERMANY 

341.0 

TDF2 

FRANCE 

341.0 

TDF1 

FRANCE 

342.0 

INTELSAT  515 

INTELSAT 

342.0 

NATO  4A 

NATO 

344.0 

KOSMOS  2054 

RUSSIA 

344.5 

INMARSAT  2  F2 

INMARSAT 

344.8 

MARECSB2 

ESA 

346.0 

GORIZONT20 

RUSSIA 

346.5 

KOSMOS  1888 

RUSSIA 

346.5 

KOSMOS  2172 

RUSSIA 

349.0 

GORIZONT26 

RUSSIA 

352.0 

TELECOM  2A 

FRANCE 

355.0 

TELECOM  2B 

FRANCE 

359.0 

INTELSAT  702 

INTELSAT 

359.0 

THOR1 

NORWAY 

359.0 

SKYNET4C 

UK 

jimAMA 
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launched  by  an  Ariane  3  in  July,  1989,  and  sta¬ 
tioned  near  19°  W.  The  on-station  mass  of 
Olympus  was  1 .5  metric  tons  with  a  payload  of 
360  kg,  including  two  18/12  GHz,  230  W  tran¬ 
sponders;  three  30/20  GHz,  30  W  transponders; 
and  four  14/12  GHz,  30  W  transponders.  The 
spacecraft  bus  was  approximately  2.6  m  by  2.1 
m  by  1 .8  m  with  two  27.5  m  solar  arrays  capa¬ 
ble  of  a  minimum  of  3.6  kW  at  end  of  life.  The 
prime  contractor  was  British  Aerospace  with 
major  contributions  from  Alenia  Spazio,  Fokker, 
Matra  Marconi,  and  Spar  Aerospace  Ltd.  The 
principal  ESA  participants  in  the  Olympus  pro¬ 
gram  were  Austria,  Belgium,  Canada,  Denmark, 
Italy,  Netherlands,  Spain,  and  the  United  King¬ 
dom. 

Olympus  (Figure  4.1)  suffered  several  set¬ 
backs  in  1991  but  was  eventually  able  to 
recover.  In  late  January  one  of  the  two  solar 
arrays  lost  its  ability  to  track  the  sun.  Then,  four 
months  later,  an  attitude  control  upset  was  com¬ 
pounded  by  improper  commands  from  the 
Fucino  ground  station,  causing  failures  in  the 
electrical,  propulsion,  and  thermal  control  sys¬ 
tems.  The  spacecraft  drifted  in  GEO  for  two 
months  before  the  vehicle  could  be  brought 
under  control.  Olympus  was  maneuvered  back 
to  19°  W  by  mid-August,  1991,  and  the  individ¬ 
ual  payloads  were  reactivated  during  Septem- 
ber-November  (References  3-8). 

The  hard-luck  Olympus  failed  to  meet  its  5- 
year  operational  goal  when  on  the  night  of  11- 
12  August  1994  the  spacecraft  was  apparently 
hit  by  a  meteor  during  the  annual  Perseid 


FIGURE  4.1  OLYMPUS  SPACECRAFT. 


shower.  Although  still  functional,  the  spacecraft 
experienced  an  attitude  control  upset  which  ulti¬ 
mately  consumed  a  substantial  portion  of  the 
remaining  propellants.  The  situation  was  com¬ 
pounded  by  the  automatic  control  system 
actions  which  sent  the  vehicle  into  a  lower  alti¬ 
tude  drift  orbit.  Since  insufficient  propellant  was 
left  to  recover  the  spacecraft  completely,  ESA 
controllers  reduced  Olympus’  altitude  even 
more,  placing  it  in  a  graveyard  orbit  (Refer¬ 
ences  9-11). 

ESA’s  Data  Relay  and  Technology  Mission 
(DRTM)  has  been  divided  into  two  principal 
efforts:  the  Advanced  Relay  Technology  Mis¬ 
sion  (ARTEMIS)  and  the  aforementioned  DRS. 
ARTEMIS,  whose  launch  has  been  delayed 
until  late  1997  at  the  earliest,  will  serve  as  a 
pathfinder  for  DRS  with  three  principal  pay- 
loads: 

(1)  Semiconductor  Intersatellite  Link  Exper¬ 
iment  (SILEX)  optical  terminal  to  dem¬ 
onstrate  space-to-space  links  with  the 
French  SPOT  4  spacecraft; 

(2)  L-band  transponder  to  provide  land- 
mobile  communications  within  Europe; 
and 

(3)  S-band  (2  GHz)  and  Ka-band  (23-28 
GHz)  data  relay  equipment  for  pre-DRS 
experiments. 

The  spacecraft  will  also  test  two  indepen¬ 
dent  ion  thruster  systems  for  orbital  mainte¬ 
nance  over  a  potential  10-year  life-span. 

In  1993  Alenia  Spazio  was  awarded  the 
prime  contract  for  ARTEMIS  which  will  be 
based  on  the  ITALSAT  design  with  a  mass  of 
2.6  metric  tons,  including  1 .2  metric  tons  of  pro¬ 
pellant.  The  3-axis-stabilized  spacecraft  will  fea¬ 
ture  two  elongated  solar  arrays  with  an  end-of- 
life  capacity  of  at  least  2.8  kW  (Figure  4.2).  The 
payload,  with  a  mass  of  up  to  550  kg,  will 
employ  two  2.85-m-diameter  and  one  1.0-m- 
diameter  antennas  for  the  L-,  S-,  and  Ka-band 
transponders.  A  1-m-diameter  telescope  will  be 
installed  at  the  Teide  Observatory,  Tenerife,  the 
Canary  Islands  to  support  SILEX  experiments. 
Originally  scheduled  to  fly  on  the  second  Ariane 
5  mission  in  1996,  ARTEMIS  has  encountered 
serious  technical  and  cost  problems,  leading  at 
least  one  ESA  member  to  consider  abandoning 
the  project  (References  12-22). 

Alenia  Spazio  is  also  the  proposed  prime 
contractor  for  DRS  which  has  suffered  a  lack  of 
ESA  Council  support  since  its  reaffirmation  at 
the  November,  1991,  ministerial  meeting  in 
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FIGURE  4.2  ARTEMIS  SPACECRAFT. 


Granada.  Through  1994  the  detailed  definition 
phase  (Phase  B2)  for  DRS  was  underway,  but  a 
move  into  the  main  development  phase  (Phase 
C/D)  was  delayed  pending  programmatic  deci¬ 
sions.  If  fully  approved  in  1995,  the  first  of  two 
spacecraft  might  be  launched  as  early  as  1999 
with  payloads  similar  to  ARTEMIS'  SILEX  and 
S-/Ka-band  equipment  (Figure  4.3).  A  full  DRS 
constellation  will  consist  of  spacecraft  stationed 
at  59°  E  and  44°  W.  ARTEMIS  will  join  the  DRS 
to  support  SPOT,  ENVISAT,  the  International 
Space  Station  and  other  selected  spacecraft, 
including  military  spacecraft  (References  12-13, 
23-29). 

ESA  is  also  looking  at  a  variety  of  other  sat¬ 
ellite  communications  projects.  Under  the  ESA 
Payload  and  Spacecraft  Demonstration  and 
Experimentation  Program  (PSDE),  develop¬ 
ment  of  a  European  Mobile  Services  (EMS)  sys¬ 
tem  is  underway  for  a  test  flight  as  an  auxiliary 
payload  of  ITALSAT  F2,  now  scheduled  for 
launch  in  1995.  The  Advanced  Orbital  Test  Sat¬ 
ellite  System  (AOTS)  may  introduce  ESA’s  first 
communications  satellite  in  a  highly  ellipitcal, 
inclined  orbit.  Named  Archimedes,  the  new  sys¬ 
tem  would  be  designed  primarily  for  portable 
receivers  at  high  latitudes.  First  launch  of  up  to 
six  spacecraft  could  begin  by  the  end  of  the 
decade  (References  3, 12, 13,  30-32). 


ESA  is  aiso  promoting  satellite  communica¬ 
tions  technology  under  the  Advanced  Research 
in  Telecommunications  Systems  (ARTES)  pro¬ 
gram,  which  had  grown  to  12  elements  by  the 
end  of  1994.  These  elements  include  the  On- 
Board  Processing  mission,  the  Multi-Orbit  Small 
Satellite  program,  and  the  Little  LEO  Messaging 
System.  The  last  could  witness  the  launch  of  a 
first  payload  as  early  as  1996.  In  addition,  ESA 
is  a  proponent  of  general  satellite  communica¬ 
tions  research  (References  3,  12,  13,  28,  33- 
35). 

4.1.2  EUTELSAT 

The  European  Telecommunications  Satel¬ 
lite  Organization  (EUTELSAT)  has  been  servic¬ 
ing  the  European  community  since  1 977,  being 
formally  established  by  a  multi-lateral  agree¬ 
ment  in  1985.  By  end  1994,  the  organization 
had  grown  to  44  members,  primarily  due  to  the 
breakup  of  the  former  Soviet  Union  and  the 
restructuring  of  Europe.  Some  of  the  more 
recent  members  are  the  Russian  Federation, 
Estonia,  Latvia,  Moldova,  Bulgaria,  Andorra, 
and  Belarus. 

In  1979  ESA  agreed  to  design,  build,  and 
launch  five  ECS  spacecraft  to  be  assumed  by 
EUTELSAT  after  passing  initial  on-orbiting  test¬ 
ing.  At  that  time  the  name  of  each  spacecraft 
was  changed  to  EUTELSAT  1-F1,  EUTELSAT 
1-F2,  etc.  Of  the  five  ECS  spacecraft,  four  were 
successfully  launched  (1983,  1984,  1987,  and 
1988)  and  transferred  to  EUTELSAT.  ECS  3 
was  lost  in  an  Ariane  launch  accident  in  1985. 

As  noted  previously,  the  ECS  spacecraft 
was  derived  from  the  OTS  vehicle  but  with  an 
initial  mass  on  station  of  approximately  700  kg. 


FIGURE  4.3  DRS  SPACECRAFT. 
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FIGURE  4.4  EUTELSAT  2  SPACECRAFT. 


The  payload  included  twelve  (including  two 
spares)  14/1 1  GHz  transponders  with  20  W  out¬ 
put  power  for  a  capacity  of  12,000  telephone 
circuits  or  10  television  channeis.  Two  solar 
arrays  with  a  span  of  1 3.8  m  provided  1  kW  of 
electrical  power  to  the  2.2  m  by  2.4  m  space¬ 
craft  bus.  With  an  anticipated  working  iife  of  up 
to  seven  years,  at  the  end  of  1994  three  ECS/ 
EUTELSAT  1  spacecraft  were  stiil  operational 
at  21.5°  E,  25.5°  E,  and  48°  E,  although 
EUTELSAT  1-F1  offered  limited  service  due  to 
its  inclination  of  more  than  4.5°.  EUTELSAT  1- 
F2  (ECS  2)  was  retired  in  December,  1993. 

In  1990  EUTELSAT  began  the  deployment 
of  the  second  generation  EUTELSAT  space¬ 
craft  procured  directiy  from  Aerospatiaie  and 
based  on  the  Spacebus-100  design.  Each 
EUTELSAT  2  spacecraft  supports  16  transpon¬ 
ders  (with  eight  spares)  operating  at  14/1 1  GHz 
and  50  W  output  power.  In  orbit  the  spacecraft 
spans  22.4  m  across  the  two  rectanguiar  soiar 
arrays  which  generate  up  to  3.5  kW.  Although 
similar  in  appearance  to  EUTELSAT  1,  EUTEL¬ 
SAT  2  empioys  two,  1 .6  m  diameter  muitifeed 
reflectors,  one  on  each  side  of  the  spacecraft 
bus  (Figure  4.4). 

Throughout  1993-1994,  the  EUTELSAT  2 
consteiiation  consisted  of  four  spacecraft:  No.  1 
at  13°  E,  No.  2  at  10°  E,  No.  3  at  16°  E,  and  No. 
4  at  7°  E.  EUTELSAT  2-F5  was  scheduied  to 
join  the  network  in  1994  but  was  lost  in  an  Ari- 
ane  launch  accident  on  24  January  1994.  The 
last  of  the  EUTELSAT  2  series  spacecraft  was 
scheduled  for  launch  in  1995  under  the  name 


Hotbird  1.  The  vehicie  will  be  essentially  the 
same  as  its  predecessors,  but  the  transponder 
output  power  wiii  be  increased  from  50  W  to  70 
W  (References  36-37). 

In  late  1993  EUTELSAT  sought  bids  for  a 
more  capable  spacecraft  dubbed  Hotbird  Plus. 
In  early  1994,  Matra  Marconi  was  awarded  the 
contract  for  a  single  spacecraft,  Hotbird  2,  with 
options  for  up  to  three  more.  By  the  end  of  1 994 
the  first  option  had  been  exercised  for  Hotbird 
3.  The  new  spacecraft  will  be  launched  in  1996 
and  1997  and  will  be  based  on  the  Eurostar 
design  developed  jointly  by  British  Aerospace 
and  Matra  Marconi.  The  nearly  3-metric-ton 
Hotbird  Plus  will  carry  20  high  power  (1 10  W) 
Ku-band  transponders  to  permit  direct-to-home 
television  broadcast  service  to  Europe  via  a 
Superbeam  antenna  and  broader  coverage  with 
a  Widebeam  antenna.  An  enlarged  solar  array 
will  generate  the  5.5  kW  required  by  the  space¬ 
craft  and  its  power-hungry  payload.  The  new 
Hotbird  Plus  spacecraft  will  be  co-located  with 
Hotbird  1  at  13°  E  (References  38-42). 

The  Hotbird  series  of  spacecraft  represent  a 
stop-gap  measure  before  the  even  larger,  more 
capable  EUTELSAT  3  satellites  are  deployed. 
In  late  1994  EUTELSAT  requested  bids  for  the 
new  spacecraft  which  are  expected  to  have  a 
mass  of  three  metric  tons  in  order  to  carry  24 
active  90  W,  Ku-band  transponders  (reduced 
from  an  initial  goal  of  34  transponders).  An 
award  for  the  first  batch  of  EUTELSAT  3  space¬ 
craft,  to  be  ready  beginning  in  1998,  was  antici¬ 
pated  in  1995  (References  43-45). 

EUTELSAT  had  planned  to  create  a  new 
generation  of  direct  broadcast  satellites,  called 
Europesat,  for  operations  starting  in  the  mid- 
1990’s.  Sponsored  primarily  by  France  and 
Germany,  the  project  faltered  when  France’s 
Telecom  declined  to  participate.  The  market 
envisioned  for  Europesat  was  high  definition 
television  broadcasting  using  125  W,  18/12 
GHz  transponders  (References  46-48). 

4.1.3  France 

Since  1988  France  has  operated  two 
national  communications  systems  in  GEO, 
Telecom  and  TDF,  to  ensure  domestic  and 
international  telephone  and  television  service. 
An  advanced  communications  technology 
spacecraft,  called  Stentor,  was  approved  in 
1994  for  a  launch  in  1999.  Meanwhile,  French 
plans  for  LEO  communications  networks  faded 
during  1993-1994,  and  the  lone  mini-satellite  of 
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this  class  launched  in  early  1 993  suffered  major 
problems  early  in  life. 

The  initial  French  experience  with  GEO 
telecommunications  began  in  1 967  when  a  joint 
venture  was  signed  by  France  and  Germany  to 
develop  two  experimental  Symphonie  satellites. 
The  small  (230  kg)  spacecraft  with  3-axis  stabi¬ 
lization  and  two  6/4  GHz  transponders  were 
launched  by  the  U.S.  in  1974  and  1975.  The 
Symphonie  system  was  highly  successful  in 
providing  telecommunications  links  throughout 
Europe  and  to  other  continents.  Both  spacecraft 
far  exceeded  the  5-year  design  life  and  were 
transferred  to  graveyard  orbits  in  1983  and 
1985,  respectively. 

Shortly  before  the  retirement  of  Symphonie 
2,  the  first  Telecom  spacecraft,  Telecom  1A, 
was  launched  by  an  Ariane  booster  on  4  August 
1984.  Operated  by  France  Telecom  under  gov¬ 
ernment  sponsorship,  Telecom  satellites  ser¬ 
vice  both  civilian  and  military  users  through 
twelve  active  and  five  reserve  transponders 
operating  at  6/4  GHz  (four  transponders),  14/12 
GHz  (six  transponders),  and  8/7  GHz  (two  tran¬ 
sponders).  The  last  units  provide  the  Syracuse 
(Systeme  de  Radio  Communications  Utilisant 
un  Satellite)  secure  military  channels  for  the 
French  Ministry  of  Defense  (References  49-50). 

Telecom  1  satellites  were  designed  and 
manufactured  by  Matra  with  the  communica¬ 
tions  package  supplied  by  Alcatel  Espace.  At 
the  start  of  its  7-year  design  life,  each  Telecom 
1  had  a  mass  of  approximately  700  kg  and  an 
initial  electrical  power  capacity  of  1 .2  kW,  sup¬ 
plied  by  two  narrow  solar  arrays  with  a  total 
span  of  16  m.  The  spacecraft  bus  was  derived 
from  the  earlier  ECS  program  (Section  4.1.2)  in 
which  Matra  was  a  subcontractor  to  British 
Aerospace.  A  total  of  three  Telecom  1  satellites 
were  launched  (1984,  1985,  1988).  Only  Tele¬ 
com  1C  remained  operational  at  the  end  of 
1994  and  was  stationed  at  3°  E  after  being 
moved  from  5°  W  in  the  Fall  of  1 992. 

The  second  generation  Telecom  spacecraft 
debuted  on  16  December  1991  as  Telecom  2A 
and  was  followed  on  15  April  1992  by  Telecom 
2B.  This  new  series  of  more  capable  spacecraft 
was  designed  and  manufactured  jointly  by 
Matra  Marconi  and  Alcatel  Espace  and  is  based 
on  the  Matra-British  Aerospace  Eurostar  2000 
2.0  X  2.1  X  2.0  m  satellite  bus  (Figure  4.5).  On- 
orbit  mass  of  Telecom  2  is  1380  kg  with  a  pay- 
load  mass  of  400  kg.  The  twin  solar  panels 
span  22  m  and  provide  an  excess  of  3.6  kW 


FIGURE  4.5  TELECOM  2  SPACECRAFT. 


with  2.5  kW  available  for  the  payload.  The 
design  life  is  10.25  years. 

The  Telecom  2  communications  package 
includes  ten  6/4  GHz  transponders  with  four 
spares  for  telephone  and  television  relays,  six 
8/7  GHz  transponders  with  three  spares  for  the 
military  Syracuse  II  payload,  and  11  14/12  GHz 
transponders  with  four  spares  for  television, 
data  transmission,  and  teleconference.  When 
completed  the  Telecom  2  constellation  will  be 
deployed  at  8°  W,  5°  W,  and  3°  E.  At  the  end  of 
1994  Telecom  2A  and  2B  were  stationed  at  8° 
W  and  5°  W,  respectively.  The  launch  of  Tele¬ 
com  2C  was  scheduled  for  1995  with  Telecom 
2D  set  to  follow  as  early  as  the  latter  part  of 
1996.  Studies  for  a  proposed  third  generation 
Telecom  series  are  underway  (References  51- 
54). 

A  1980  French-German  agreement  to 
develop  compatible  direct  broadcast  satellite 
systems  led  to  the  creation  of  the  French  TDF 
(Telediffusion  de  France)  series  of  satellites 
which  were  launched  in  1 988  and  1 990  (Refer¬ 
ences  55-56).  Based  on  Aerospatiale’s  Space- 
bus  300  platform,  TDF  spacecraft  are  about  1 .3 
metric  tons  on  station  with  bus  dimensions  of 
1 .6  m  by  2.4  m  by  7.1  m  and  a  payioad  mass  of 
250  kg  (Figure  4.6).  The  solar  arrays  span  19.3 
m  and  provide  4.3  kW  at  start  of  life.  Both 
spacecraft  carry  five,  high  power  (230  W)  18/12 
GHz  transponders  and  are  located  at  1 9°  W.  A 
decision  to  delete  a  third  spacecraft  from  the 
program  was  based,  in  part,  on  the  assumption 
that  Europesat  would  be  available  in  the  late 
1990’s  (Section  4.1.2). 

Matra  Marconi’s  S80/T  microsatellite  (Fig¬ 
ure  4.7),  based  on  the  UK  UoSAT  bus,  was 
placed  into  a  nearly  circular  orbit  of  1,315  km  at 
an  inclination  of  66.1°  as  a  piggyback  payload 
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FIGURE  4.6  TDF  SPACECRAFT. 


on  the  Topex/Poseidon  mission  in  August, 
1992.  Sponsored  by  CNES,  the  50-kg  S80/T 
satellite  with  a  7  kg  payload  developed  by  Das¬ 
sault  Electronique  was  gravity  gradient  stabi¬ 
lized  with  a  25  W  power  supply.  The  primary 
objectives  were  “analysis  of  the  VHF  frequency 
band  between  148  and  149.9  MHz  and  trans¬ 
mission  of  data  to  prepare  the  future  operational 
S80  system,  a  constellation  of  small  satellites  in 


FIGURE  4.7  S80/T  SPACECRAFT 
IN  TESTING. 


low,  inclined  orbits  providing  positioning  and 
short  message  services”  (Reference  57). 

The  proposed  Taos  system  was  to  be  com¬ 
prised  of  5-12  spacecraft  in  circular  1,248  km 
altitude  orbits  with  a  57.1°  inclination.  The  152- 
kg  spacecraft,  similar  to  S80/T,  would  be  cen¬ 
tered  on  a  bus  of  0.65  x  0.65  x  0.80  m  and  four 
2-m-long  solar  panels  (Figure  4.8).  The  VHF 
payload  would  account  for  up  to  60  kg.  How¬ 
ever,  Taos  did  not  receive  French  government 
support,  and  the  S80/T  spacecraft  was  offered 
to  the  International  Space  University  (Refer¬ 
ences  58-63). 

Perhaps  influencing  the  Taos  decision  was 
the  disappointing  experience  with  Arsene, 
launched  on  12  May  1993  into  a  17,666  km  by 
37,041  km  orbit  as  a  piggy-back  payload  on  an 
Ariane  GEO  mission.  More  than  a  decade  in  the 
making,  Arsene  was  designed  as  an  amateur 
radio  satellite,  but  some  of  its  systems  were  to 
serve  as  prototypes  for  future  small  communi¬ 
cations  satellites.  Unfortunately,  the  VHF 
antenna  failed  immediately  after  launch,  and 
operations  with  the  vehicle’s  SHF  antenna  ulti¬ 
mately  led  to  power  supply  problems  and  loss  of 
the  154-kg  spacecraft  after  only  three  months  in 
orbit  (References  64-66). 

After  considerable  debate,  France  has  cho¬ 
sen  the  Stentor  technology  satellite  as  its  next 
major  investment  in  space-based  communica¬ 
tions.  The  GEO  spacecraft  is  scheduled  for 


FIGURE  4.8  TAOS  SPACECRAFT. 
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launch  by  1999  to  test  both  civil  and  military 
communications  systems.  Originally  envisioned 
as  a  2.5  metric-ton  satellite,  the  chosen  Stentor 
design  required  only  1.5  metric  tons  at  launch. 
An  ion  propulsion  system  alone  reduced  the 
spacecraft  mass  by  600  kg  by  eliminating  a 
large  liquid  propellant  propulsion  system.  Gal¬ 
lium  arsenide  solar  cells  will  provide  the  1 .8  kW 
needed  to  power  the  satellite  and  its  Ku-band 
payload.  Matra  Marconi,  Alcatel,  and  Aerospa¬ 
tiale  will  bear  primary  responsibility  for  the 
spacecraft  (References  67-69). 

4.1.4  Germany 

German  experience  with  GEO  telecommu¬ 
nications  has  mirrored  that  of  France.  As  noted 
in  the  previous  section,  Germany  was  an  equal 
partner  with  France  in  the  Symphonie  program. 
After  gaining  space  communications  relay  expe¬ 
rience,  Germany  developed  a  pair  of  TV-Sat 
spacecraft  in  conjunction  with  France’s  TDF 
program.  This  was  followed  by  the  DFS  (Deut- 
scher  Fernmeldesatellit)  Kopernikus  series  of 
communications  satellites. 

Like  the  French  TDF,  TV-Sat  satellites  are 
based  on  the  Aerospatiale  Spacebus  300  plat¬ 
form  and  were  created  by  the  Eurosatellite  con¬ 
sortium  of  Aerospatiale  and  Messerschmitt- 
Boelkow-Blohm  (MBB).  The  technical  specifica¬ 
tions  of  TV-Sat  are  also  virtually  identical  with 
those  of  TDF,  and  both  satellites  share  the 
same  geostationary  locale  near  19°  W.  MBB 
was  responsible  for  the  attitude  and  orbit  control 
systems  on  both  TDF  and  TV-Sat  using  the 
S400  and  S10  engines  (References  70-71). 

TV-Sat  1  was  launched  on  21  November 
1987  but  the  failure  of  one  solar  panel  to  deploy 
severely  curtailed  operations,  and  the  space- 


FIGURE  4.9  TV-SAT  SPACECRAFT. 


FIGURE  4.10  DFS  (KOPERNIKUS) 
SPACECRAFT. 


craft  was  placed  in  a  graveyard  orbit  in  1989. 
TV-Sat  2  followed  on  8  August  1989  and  is  cur¬ 
rently  on  station  at  19.2°  W.  No  further  launches 
in  this  series  are  planned  (References  72-73). 

The  DFS  series  of  satellites  debuted  in 
1989  with  the  third  being  launched  in  1992.  Pro¬ 
duced  by  the  GESAT  consortium  of  MBB  (flight 
segment  prime  contractor),  Siemens  (overall 
prime  contractor),  ANT  Nachrichtentechnik 
(payload).  Standard  Elektrik  Lorenz  (digital 
switching  equipment),  and  Dornier  Systems 
(ground  control  system),  DFS  spacecraft  are 
smaller  than  TV-Sat:  on-statlon  mass  of  DFS  is 
850  kg  with  a  15.4  m  solar  array  span  providing 
up  to  1 .5  kW  of  electrical  power  (Figure  4.10). 

The  communications  payload  Includes  ten 
14/11-12  GHz  transponders  with  five  spares 
and  one  experimental  30/20  GHz  transponder 
with  one  spare.  At  the  end  of  1994  DFS  1-3 
were  stationed  at  33.5°  E,  28.5°  E,  and  23.5°  E, 
respectively.  Like  TV-Sat,  the  DFS  Kopernikus 
series  has  been  concluded  (References  74-76). 

In  1991  The  Technical  University  of  Berlin’s 
microsat  Tubsat  A  was  carried  into  a  sun-syn¬ 
chronous  orbit  of  approximately  775  km  at  an 
Inclination  of  98.5°  during  ESA’s  ERS-1  flight. 
The  35-kg,  0.4  m  cube  sateilite  was  designed  to 
test  a  1 .6/1 .5  GHz  data  relay  system  for  Antarc¬ 
tic  platforms.  An  octagonal  Tubsat  B  with 
slightly  greater  dimensions  (0.5  m),  power  (25 
W),  and  mass  (40  kg)  was  launched  on  25  Jan¬ 
uary  1994  as  a  piggy-back  satellite  with  the 
Russian  Meteor  3-6  spacecraft  into  an  orbit  of 
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1,185  km  by  1,209  km  at  an  inclination  of  82.6°. 
The  principal  objective  of  Tubsat  B  was  space 
technology  experimentation  rather  than  commu¬ 
nications,  and  the  spacecraft  failed  after  less 
than  six  weeks  in  orbit. 

OHB  System  and  the  German  Space 
Agency  (DARA)  have  undertaken  a  program  of 
small  communications  satellites  named  SAFIR 
(Satellite  for  Information  Relay).  The  first  of  the 
series,  SAFIR-R1,  was  launched  on  4  Novem¬ 
ber  1 994  attached  to  the  Russian  Resurs  0-1 
spacecraft.  The  38-kg  package  was  not 
released  for  this  initial  test  of  messaging  service 
in  a  660-km  orbit,  but  it  did  carry  a  Rockwell 
SpaceNav  V  GPS  receiver.  Additional  SAFIR-R 
and  free-flying  SAFIR  spacecraft  are  scheduled 
for  flights  in  1996  and  1997  on  board  other  Rus¬ 
sian  launch  vehicles.  The  SAFIR  spacecraft  will 
have  a  mass  of  55  kg  in  the  form  of  a  0.45-m 
cube  and  a  gravity-gradient  stabilization  sys¬ 
tem.  Communications  will  be  in  the  400  MHz 
band  (References  77-78). 

Under  contract  to  the  Italian  firm 
Telespazio,  Germany’s  Kayser-Threde  GmbH 
designed  and  built  the  TEMISAT  environmental 
data  collection  and  relay  satellite  which  was 
launched  in  August,  1993  (Section  4.1.13). 

4.1.5  Hong  Kong 

Hong  Kong  is  now  the  base  of  operations 
for  two  telecommunications  organizations 
responsible  for  the  Asiasat  and  APStar  net¬ 
works,  respectively,  providing  a  wide  range  of 
services  to  Asia  and  the  Western  Pacific  region. 
Both  systems,  however,  rely  on  US-manufac- 
tured  spacecraft  launched  on  Chinese  boosters. 

The  Hong  Kong-based  consortium,  Asia 
Satellite  Telecommunications  Company,  includ¬ 
ing  United  Kingdom  and  Chinese  partners, 
entered  the  commercial  telecommunications 
market  in  1990  with  the  launch  of  Asiasat  1. 
Based  on  Hughes  HS-376  platform,  Asiasat  1 
(Figure  4.1 1)  had  been  flown  in  1984  as  Westar 
6,  but  a  perigee  kick  motor  malfunction  allowed 
it  to  be  retrieved  by  the  U.S.  Shuttle,  refur¬ 
bished,  and  reflown  (see  also  Indonesia’s  Pal- 
apa  B2R).  Asiasat  1  marked  China’s  first  com¬ 
mercial  space  launch  when  a  CZ-3  booster 
placed  the  spacecraft  in  a  geostationary  trans¬ 
fer  orbit  on  7  April  1990. 

Asiasat  1  carries  30  low-power,  6/4  GHz 
transponders  of  which  as  many  as  24  are 
active.  The  on-orbit  mass  of  the  satellite  at 
105.5°  E  is  just  over  600  kg.  A  more  capable 


FIGURE  4.1 1  ASIASAT  1  SPACECRAFT  IN 
CHECKOUT. 


Asiasat  2  is  expected  to  be  launched  in  1 995 
and  will  be  based  on  a  Lockheed-Martin  7000 
spacecraft  bus.  Asiasat  2  will  be  3-axis  stabi¬ 
lized  with  an  initial  launch  mass  of  3.5  metric 
tons  and  will  carry  a  payload  of  24,  55-W,  6/4 
GHz  and  9,  115-W  14/12  GHz  transponders 
(Figure  4.12).  Asiasat  2  will  be  parked  at  100.5° 
E,  following  an  agreement  with  Thailand  to 
avoid  radio  interference.  Design  studies  are 
already  underway  for  Asiasats  3  and  4  (Refer¬ 
ences  79-82). 

A  late-arriving  competitor  to  Asiasat  is  APT 
(Asia  Pacific  Telecommunications)  Satellite 
Company,  Ltd’s  APStar  network.  Underwritten 
primarily  by  Chinese  corporations,  APT  Satellite 
Co.  moved  rapidly  from  its  formation  in  1992  to 
the  launch  of  APStar  1  on  21  July  1994  by  a 
Chinese  CZ-3.  The  Hughes  HS-376  spacecraft 
was  outfitted  with  24,  low-power  (16W)  C-band 
transponders.  To  cover  the  East  Asian  region 
(PRC,  Hong  Kong,  Japan,  Singapore,  Indone¬ 
sia,  and  Vietnam),  APStar  1  was  to  have  been 
located  at  131°  E.  However,  concerns  raised  by 
Japan  and  Tonga  about  interference  with 
spacecraft  already  in  the  130-131°  E  area 
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FIGURE  4.12  ASIASAT  2  SPACECRAFT. 


forced  APStar  to  begin  operations  at  138°  E 
under  a  lease  arrangement  with  Tonga  (Refer¬ 
ences  83-88). 

In  late  1993  APT  Satellite  Co.  signed  a  con¬ 
tract  with  Hughes  to  provide  an  HS-601  model 
spacecraft  for  launch  as  APStar  2  in  1994, 
although  the  launch  was  later  delayed  until 
early  1995.  APStar  2  will  carry  a  total  of  34  tran¬ 
sponders:  26  52-W  C-band,  6  50-W  Ku-band, 
and  2  120-W  Ku-band  (References  84  and  89). 

4.1.6  Hungary 

During  1993-1994  Hungary  and  Israel  dis¬ 
cussed  the  feasibility  of  having  an  Israeli 
AMOS-class  spacecraft  serve  as  the  first  Hun¬ 
garian  GEO  communications  satellite.  Named 
Magyarsat,  the  satellite  would  be  co-located 
with  AMOS  1  at  4°  W,  perhaps  as  early  as 
1998.  A  detailed  agreement  for  full  or  partial 
use  of  the  spacecraft  telecommunications 
capacity  was  expected  in  1995  (Reference  90). 

4.1.7  India 

India  first  experimented  with  geosynchro¬ 
nous  telecommunications  relays  in  1981  and 
now  has  three  active  spacecraft  in  GEO.  More¬ 
over,  the  launch  of  INSAT  2A  in  July,  1992, 
marked  the  debut  of  India’s  first  domestically 
built  operational  GEO  space-craft.  In  a  depar¬ 
ture  from  most  nations,  India’s  GEO  platforms 
combine  a  communications  mission  with  that  of 
Earth  observation.  By  1997  India’s  first  com¬ 
mercial  GEO  communi-cations  network  may 
also  be  operational. 


India’s  first  experimental  GEO  communica¬ 
tions  satellite,  APPLE  (Ariane  Passenger  Pay- 
load  Experiment),  was  launched  on  the  third 
test  flight  of  the  Ariane  launch  vehicle  In  June, 
1981.  For  27  months  (until  attitude  control  fuel 
depletion)  the  350-kg  Apple  successfully  served 
as  a  testbed  for  the  entire  Indian  telecommuni¬ 
cations  space  relay  infrastructure  despite  the 
failure  of  one  solar  panel  to  deploy.  The  space¬ 
craft  bus  was  cylindrical  with  a  diameter  of  1.2 
m  and  a  height  of  1.2  m.  The  communications 
payload  consisted  of  two  6/4  GHz  transponders 
connected  to  a  0.9  m  diameter  parabolic 
antenna. 

Between  1982  and  1990  four  U.S. -built 
INSAT  1  satellites  were  launched  to  support 
Indian  domestic  communications  and  Earth 
observation  requirements  as  a  joint  venture 
among  the  Indian  Department  of  Space,  the 
Department  of  Telecommunications,  the  Meteo¬ 
rological  Department,  All-India  Radio,  and  All- 
India  Doorarshan  Television.  The  Ford  Aero¬ 
space  spacecraft  had  a  mass  of  650  kg  on  sta¬ 
tion  and  carried  twelve  6/4  GHz  transponders 
with  an  output  power  of  4.5  W  and  three  (two 


FIGURE  4.13  INSAT  2  (LEFT)  AND  INSAT  1 
SPACECRAFT. 
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PRIMARY  PATH  (74®  C) 


MAJOR  PATH  (83®  E) 


MAJOR  PATH  (93.5®  E) 


FIGURE  4.14  INSAT  2  SPACE  SEGMENT  CONCEPT. 


active  plus  one  backup)  6/2.5  GHz  transpon¬ 
ders.  Both  INSAT  1A  (April,  1982)  and  INSAT 
1C  (July,  1988)  were  lost  due  to  malfunctions 
within  18  months  of  launch.  INSAT  IB  (August, 
1983)  was  no  longer  in  operational  service  dur¬ 
ing  1993-1994,  instead  being  used  for  speciai 
experiments.  INSAT  ID  (June,  1990)  was  oper¬ 
ational  at  83°  E. 

The  INSAT  2  program  was  underway  in 
1983  to  develop  an  indigenous  muiti-purpose 
GEO  spacecraft  that  relied  heaviiy  on  the  previ¬ 
ous  Ford  Aerospace  design.  In  1985  the  basic 
spacecraft  configuration  was  adopted,  cailing 
for  an  on-station  dry  mass  of  860  kg  which  iater 
rose  to  910  kg  (1,160  kg  at  beginning  of  life). 
The  communications  payioad  was  increased 
with  six  additionai  7/5  GHz  transponders  for  a 
total  of  18,  plus  two  S-band  transponders.  The 
spacecraft  bus  is  rectanguiar  with  side  dimen¬ 
sions  of  1.6  m  by  1.7  m  by  1.9  m  (Figure  4.13). 
The  asymmetric,  accordion  type  soiar  panel 
produces  1.4  kW  at  beginning  of  iife  and  is  off¬ 
set  on  the  other  side  of  the  bus  by  an  extendibie 
solar  sail  (References  91  -93). 

INSAT  2A  was  finally  launched  on  9  July 
1992  by  an  Ariane  booster,  about  three  years 
behind  scheduie.  The  spacecraft  was  posi¬ 
tioned  at  the  primary  INSAT  location  of  74°  E, 


which  was  vacated  by  INSAT  IB  in  April,  1992. 
INSAT  2B  was  launched  22  July  1 993  by  an  Ari¬ 
ane  rocket  and  positioned  at  93.5°  E  (Figure 
4.14)  (References  94-95). 

In  March,  1994,  India  selected  Arianespace 
to  launch  INSATs  2C  and  2D  in  1995  and  1996, 
respectively.  The  spacecraft  will  be  similar  to 
the  earlier  INSATs  but  will  be  200  kg  heavier  at 
launch  (2,100  kg)  and  will  carry  larger  solar 
arrays  for  1 .6  kW  of  electrical  power.  The  com¬ 
munications  payload  will  consist  of  12  C-band, 
6  extended  C-band,  3  Ku-band,  and  2  S-band 
transponders  plus  a  new  low-power  C-band 
transponder  for  a  mobile  communications 
feeder.  The  design  lifetime  will  be  nine  years. 
Preparations  are  also  already  underway  for 
INSAT  2E,  due  to  be  launched  in  1997,  with 
special  INTELSAT  compatibility  (References 
96-99). 

In  late  1994,  the  relatively  new  Afro-Asian 
Satellite  Communications  (ASC)  Ltd.,  head¬ 
quartered  in  Bombay,  was  nearing  the  selection 
of  a  manufacturer  for  its  2-satellite  GEO  sys¬ 
tem.  However,  the  purpose  of  the  ASC  network 
is  to  provide  communications  links  to  hand-held 
terminals,  much  like  the  proposed  LEO  cellular 
phone  networks.  The  ASC  service  area  will  at 
first  be  concentrated  in  Central  and  Southern 
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FIGURE  4.15  PALAPA  B  SPACECRAFT  IN 
CHECKOUT. 


Asia  with  later  expansion  to  other  parts  of  Asia 
and  Africa.  The  first  launch  could  come  as  soon 
as  late  1997  (References  100-102). 

4.1.8  Indonesia 

Since  1976  Indonesia  has  operated  a 
national  GEO  telecommunications  network 
based  on  U.S.-made  Hughes,  spin-stabilized 
spacecraft.  Today  the  Palapa  constellation  con¬ 
sists  of  three  HS-376  class  spacecraft  (Figure 
4.15)  located  at  108°  E  (Palapa  B2R,  launched 
13  April,  1990),  113°  E  (Palapa  B2P,  launched 
29  March,  1987),  and  118°  E  (Palapa  B4, 
launched  14  May  1992).  These  second  genera¬ 
tion  Palapa  spacecraft  have  an  on-station  mass 
of  630  kg  and  have  all  been  launched  by  Delta 
boosters.  (Palapa  B2R  was  originally  launched 
as  Palapa  B2  by  the  U.S.  Space  Shuttle  in  Feb¬ 
ruary,  1984,  but  its  perigee  motor  malfunc¬ 
tioned,  leading  to  a  Shuttle  retrieval  in  Novem¬ 
ber,  1984.  The  spacecraft  was  then  refurbished 
and  relaunched  as  Palapa  B2R.). 

The  Palapa  B  series  of  satellites  carry  30  6/ 
4  GHz  transponders  (including  six  spares)  to 
support  telecommunications  services  through¬ 


out  Southeast  Asia.  The  design  lifetime  of  the 
spacecraft  is  eight  years. 

In  1991  the  aging  Palapa  B1  satellite 
(June,  1983)  was  sold  to  Pasifik  Satelit  Nusant- 
ara  (PSN)  for  a  new  mission  to  provide  com¬ 
mercial  services  to  the  Pacific  Rim  region.  Pal¬ 
apa  B1  was  moved  to  its  new  location  near  134° 
E  during  March-May,  1 992  and  remained  oper¬ 
ational  through  1994  despite  its  inclination  of  4°. 
During  1993  PSN  and  Tonga  clashed  over  the 
use  of  the  134°  E  slot  before  an  acceptable 
solution  was  reached  (References  103-107). 

To  handle  the  next  generation  of  Palapa 
satellites,  Palapa  C,  Indonesia  in  early  1993 
established  PT  Satelit  Palapa  Indonesia 
(Satelindo)  of  Jakarta,  a  commercial  firm  with 
the  PT  Bimagraha  Telekomindo  the  majority 
shareholder,  to  manage  the  Palapa  C  program 
and  to  secure  additional  investment  funding. 
PSN  is  also  assisting  in  the  Palapa  C  program 
with  communications  services  expertise.  The 
first  Palapa  C  spacecraft  was  originally  sched¬ 
uled  for  launch  by  an  Ariane  rocket  in  the  Fall  of 
1995  to  replace  Palapa  B2P  (References  1 0S- 
Ill). 

The  Palapa  C  series  will  employ  Hughes' 
HS-601  spacecraft  with  34  active  transponders; 
24  (with  six  spares)  C-band,  6  (with  two  spares) 
extended  C-band,  and  4  (with  two  spares)  Ku- 
band.  The  on-station  mass  of  the  satellite  at 
beginning  of  life  will  be  1,775  kg  with  a  design 
lifetime  of  at  least  12  years.  Palapa  Cl  will  be 
followed  in  1997-1998  by  Palapa  C2  which  is 
designated  to  replace  Palapa  B2R. 

On  the  horizon  are  two  new  GEO  commer¬ 
cial  communications  networks  with  inaugural 
flights  in  1996  and  1998,  respectively.  The 
Indostar  system  will  provide  direct  broadcast 
television  and  radio  services  specifically  for 
Indonesia.  A  Jakarta  consortium,  PT  Media 
Citra  plans  to  launch  up  to  four  American-built 
(International  Technologies,  Inc.’s  Star  space¬ 
craft)  satellites  for  positions  at  105.9°  E,  106.1° 
E,  114.9°  E,  and  115.1°  E.  The  spacecraft  will 
have  an  on-station  mass  of  only  430  kg  at  the 
beginning  of  life  with  a  design  lifetime  of  at  least 
seven  years.  The  payload  will  consist  of  three 
S-band  transmitters  for  television  broadcasts 
and  two  L-band  transmitters  for  radio  services 
(References  112-113). 

Trying  to  satisfy  the  growing  demand  for 
hand-held  telephone  service  in  Asia,  PSN  along 
with  partners  in  Thailand  and  the  Philippines 
plans  to  field  the  Asia  Cellular  Satellite  System 


153 


(ACES),  starting  in  1998.  The  Garuda  space¬ 
craft  wiii  be  built  by  Lockheed-Martin  based  on 
the  A2100  satellite  bus  and  will  feature  two  12- 
m  umbrella  antennas  for  L-band  communica¬ 
tions.  PSN  had  earlier  sought  to  create  a  cellu¬ 
lar  telephone  system  with  Singapore  (Section 
4.1.24)  but  dropped  out  of  the  venture  in  1994 
(References  114-116). 

4.1.9  INMARSAT 

The  International  Maritime  Satellite  Organi¬ 
zation  (INMARSAT)  is  the  principal  global  pro¬ 
vider  of  communications  services  to  mobile 
(land,  air,  and  sea)  users.  Based  in  London, 
INMARSAT  was  formed  in  1979  and  began 
operations  in  1982  with  leases  of  three  Ameri¬ 
can  Marisat  spacecraft  launched  in  1976.  The 
organization  continued  to  grow  in  1993-1994, 
adding  members  ranging  from  the  sultanate  of 
Brunei  Darussalam  to  Mexico  to  South  Africa  to 
the  Bahamas.  The  last  became  the  74th  mem¬ 
ber  in  mid-1994.  In  the  mid-1980’s  INMARSAT 
expanded  operations  through  ESA’s  MARECS 
spacecraft,  which  represented  a  specialized 
variation  of  the  ECS/EUTELSAT  satellites  man¬ 
ufactured  by  the  MESH  consortium  with  British 
Aerospace  as  the  prime  contractor.  The 
MARECS  program  evolved  from  the  original 
Marots  program  (1973-1978)  (Reference  7). 

To  replace  the  MARISAT  and  MARECS  sat¬ 
ellites,  INMARSAT  commissioned  the  develop¬ 
ment  of  the  INMARSAT  2  series  of  spacecraft. 
Based  on  the  Eurostar  1000  spacecraft  bus  cre¬ 
ated  by  British  Aerospace  and  Matra  Marconi, 
INMARSAT  2  satellites  have  an  initial  on-station 
mass  of  approximately  800  kg  of  which  130  kg 
is  allocated  to  the  payload.  Electrical  power 
capacity  of  the  twin  solar  arrays  (total  span  = 
15.2  m)  is  1.2  kW.  Overall  dimensions  of  the 
rectangular  bus  are  1 .5  m  by  1 .6  m.  The  total 
communications  package  includes  four  active 
and  two  reserve  1.6/1 .5  GHz  transponders  and 
one  active  and  one  reserve  6/4  GHz  transpon¬ 
ders. 

The  first  two  INMARSAT  2  spacecraft  (Fig¬ 
ure  4.16)  were  launched  by  American  Deltas 
(October,  1990,  and  March,  1991).  INMARSATS 
2  F3  and  2  F4  followed  on  16  December  1991 
and  15  April  1992  via  Ariane  launch  vehicles.  At 
the  beginning  of  1995,  these  four  spacecraft 
were  serving  as  the  primary  nodes  in  the 
INMARSAT  network  at  64.5°  E  (2  FI),  178°  E  (2 
F3),  344.5°  E  (2  F2),  and  305°  E  (2  F4). 
Selected  INTELSAT  and  MARISAT  satellites 


FIGURE  4.16  INMARSAT  2  SPACECRAFT. 


are  also  employed  as  needed  in  the  INMARSAT 
network. 

The  third  generation  INMARSAT  satellites 
are  currently  being  manufactured  by  a  team  led 
by  Matra  Marconi  (payload)  and  Lockheed-Mar¬ 
tin  (spacecraft,  Satcom  4000  bus).  Five  of  the 
1.1  metric  ton  (on-station)  spacecraft  are  tenta¬ 
tively  scheduled  (after  repeated  delays)  for 
launch  in  1995-1997:  the  first  two  by  Atlas,  the 
third  and  fifth  by  Ariane,  the  fourth  by  Proton. 
The  approximately  200  kg  payload  will  retain 
the  same  1.6/1 .5  GHz  and  6/4  GHz  communica¬ 
tions  links  and  will  add  a  navigation  package. 
Design  lifetime  will  be  13  years  for  INMARSAT 
3  compared  to  10  years  for  INMARSAT  2  (Ref¬ 
erences  117-121). 

During  1993-1994  INMASAT  was  beset 
with  pressures  to  privatize  and  to  select  a  new 
satellite  constellation  to  service  the  growing 
demand  for  hand-held  telephone  communica¬ 
tions.  From  the  Project  21  study  in  early  1993 
with  three  design  concepts,  INMARSAT 
selected  a  medium-altitude  network  for  its  pro¬ 
posed  INMARSAT-P  system.  Twelve,  Hughes- 
built,  2.5-metric-ton  space-craft  will  be  deployed 
at  altitudes  near  10,000  km  with  inclinations  of 
55°.  The  first  launch  could  come  as  early  as 
1998,  leading  to  some  network  services  by 
1999  (References  122-133). 

4.1.10  INTELSAT 

The  International  Telecommunications  Sat¬ 
ellite  Organization  (INTELSAT)  marked  its  30th 
anniversary  in  August,  1994,  as  the  premier 
provider  of  satellite-based  communi-cations  in 
the  world.  From  an  initial  14  countries,  INTEL¬ 
SAT  grew  to  134  member  nations  by  22  August 
1994  (two  days  after  its  30th  anniversary)  with 
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the  Republic  of  Kazakhstan  being  the  most 
recent  addition. 

During  1965-1994  a  total  of  51  INTELSAT 
satellites  were  launched,  of  which  42  success¬ 
fully  reached  GEO  and  operational  status. 
These  spacecraft  varied  in  on-orbit  mass  from 
38.5  kg  to  1 ,896  kg  and  constituted  ten  genera¬ 
tions:  INTELSAT  1:1,  INTELSAT  2:  4,  INTEL¬ 
SAT  3:  8,  INTELSAT  4:  8,  INTELSAT  4A:  6, 
INTELSAT  5:  9,  INTELSAT  5A:  6,  INTELSAT  6: 
5,  INTELSAT  K:  1,  and  INTELSAT  7:  3.  As  of  1 
January  1995,  INTELSAT  was  operating  21 
spacecraft  of  five  principal  families  at  20  GEO 
locations  around  the  world. 

The  oldest  operational  INTELSAT  series 
with  seven  active  spacecraft  is  the  INTELSAT 
5,  produced  by  Ford  Aerospace  with  MBB  and 
Aerospatiale  as  major  sub-contractors.  Each 
INTELSAT  5  spacecraft  (launched  between 
1980  and  1984)  is  3-axis  stabilized  (the  first 
such  use  by  INTELSAT)  with  an  initial  on-sta- 
tion  mass  of  approximately  1 ,000  kg  and  a  pay- 
load  of  21  C-band  transponders  and  six  Ku- 
band  transponders.  The  INTELSAT  5A  series 
(launched  between  1985  and  1989)  added  11 
additional  C-band  transponders  and  about  175 
kg  of  mass.  All  five  INTELSAT  5A  spacecraft 
successfully  deployed  in  GEO  were  still  opera¬ 
tional  at  the  end  of  1994.  Beginning  with  INTEL¬ 
SAT  505  (aka  INTELSAT  5  F5),  most  INTEL¬ 
SAT  spacecraft  have  carried  additional 
INMARSAT-compatible  C-band  and  L-band 
transponders. 

In  1989  the  INTELSAT  6  series,  produced 
by  Hughes  with  major  assistance  from  British 
Aerospace,  MBB,  Alenia  Spazio,  and  Alcatel 
Espace,  debuted  as  the  largest  INTELSAT  sat¬ 
ellite  to  date.  With  a  1.9  metric  ton  on-station 
mass,  each  INTELSAT  6  satellite  carries  38  C- 
band  transponders  and  8  Ku-band  transpon¬ 
ders.  All  five  INTELSAT  6  were  successfully 
deployed  in  GEO  (although  INTELSAT  6  F3  had 
to  be  rescued  by  the  US  Space  Shuttle  and  then 
sent  on  its  way  after  an  initial  launch  malfunc¬ 
tion)  during  1989-1991  and  remain  operational. 

The  solitary  INTELSAT  K  spacecraft, 
launched  in  1992,  was  designated  to  become 
GE  Americom  Satcom  K4  but  became  available 
in  1 989  when  the  original  owners  abandoned  a 
proposed  project.  The  GE  5000  series  satellite 
had  a  1,550-kg  beginning-of-life  on-station 
mass  with  a  10-year  design  lifetime.  The  pay- 
load  consisted  of  16  moderate-power  (62.5  W) 
Ku-band  trans-ponders.  INTELSAT  K  is  co¬ 


located  with  INTELSAT  512  (aka  INTELSAT  5/ 
5AF12)at21.5°  W. 

Deployment  of  the  first  three  INTELSAT  7 
spacecraft  was  performed  during  1993-1994. 
INTELSATs  701  and  702  were  launched  by  Ari- 
ane  rockets  on  22  October  1993  and  17  June 
1994,  whereas  INTELSAT  703  was  lifted  by  an 
Atlas  2AS.  INTELSAT  7  is  based  on  a  Loral  FS- 
1300  bus  with  the  primary  payload  furnished  by 
Alcatel  Espace.  The  spacecraft  has  an  on-sta¬ 
tion  mass  of  about  1 .8  metric  tons  and  a  design 
lifetime  of  11  years  or  more.  The  payload 
includes  26  C-band  and  10  Ku-band  transpon¬ 
ders.  Six  additional  INTELSAT  spacecraft  were 
scheduled  for  launch  during  1994-1995,  as  well 
as  two  INTELSAT  7 A  satellites.  The  latter  will 
be  virtually  identical  to  their  predecessors  but 
will  carry  higher  power  Ku-band  transponders. 

The  next  generation  INTELSAT  space-craft, 
the  INTELSAT  8/8A  series,  will  begin  launches 
in  1 996  with  as  many  as  six  deployed  by  the 
end  of  1 997.  The  Lockheed-Martin  series  7000 
spacecraft  will  have  a  design  lifetime  of  at  least 
14  years  (Reference  134). 

4.1.11  Iran 

Since  the  1970’s  Iran  has  considered  estab¬ 
lishing  a  GEO  communications  satellite  net¬ 
work.  After  several  abortive  attempts,  Iran 
reached  a  tentative  agreement  in  1993  to  pur¬ 
chase  a  pair  of  western  satellites  for  its  Zohreh 
system.  With  spacecraft  stationed  at  26°  E  and 
34°  E,  the  Zohreh  system  will  provide  both  L- 
band  (INMARSAT-compatible)  and  Ku-band  (14 
transponders)  links.  The  1,850-kg  spacecraft 
are  to  be  furnished  by  Alcatel  Espace  and  Aero¬ 
spatiale  with  design  lifetimes  of  10  years.  In  the 
meantime,  Iran  Is  leasing  Ku-band  capacity  on 
INTELSAT  spacecraft  (References  135-137). 

4.1.12  Israel 

Although  by  the  end  of  1994  Israel  had 
launched  only  two  small  experimental  LEO  sat¬ 
ellites,  the  country  was  preparing  to  launch  its 
first  GEO  spacecraft  in  1995  on  board  an  Ariane 
vehicle.  Developed  by  Israel  Aircraft  Industries 
with  assistance  from  DASA  and  Alcatel  Espace, 
the  500-kg-class  AMOS  (Affordable  Modular 
Optimized  Satellite)  will  carry  7  Ku-band  tran¬ 
sponders  (plus  two  spares)  for  Eurasian  com¬ 
munications  services. 

AMOS  is  a  3-axis-stabilized  satellite  with  a 
mostly  rectangular  spacecraft  bus  (2m  x  2m  x 
1.5m)  and  two  short  solar  arrays  providing 
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FIGURE  4.17  AMOS  SPACECRAFT. 


about  1  kW  of  electrical  power.  An  operational 
lifetime  of  up  to  10  years  is  expected  for  AMOS 
1  at  a  location  of  4°  W.  AMOS  1  wiii  be  tested  in 
a  simulated  space  environment  by  INTESPACE 
(France)  in  1995.  An  AMOS-class  satellite  is 
also  being  considered  by  Hungary  for  its  Mag- 
yarsat  system  (Section  4.1.6).  The  Hungarian 
satellite  would  also  be  located  at  4°  W  and 
could  serve  as  a  backup  to  AMOS  1  (Refer¬ 
ences  138-146). 

A  LEO  microsat  named  Techsat  1  (aka  Gur- 
win  1)  was  in  final  preparation  in  late  1994  for 
an  early  1 995  piggy-back  launch  on  the  maiden 
flight  of  the  Russian  Start  launch  vehicle.  Devel¬ 
oped  at  the  Asher  Space  Research  institute  of 
the  Israel  Institute  of  Technology  with  the  assis¬ 
tance  of  the  Israel  Space  Agency  and  lAI,  Tech¬ 
sat  1  is  a  3-axis-stabilized  spacecraft  of  50  kg 
mass.  The  multi-purpose  payload  will  include  a 
digital  store/dump  message  handling  system  for 
amateur  radio  operators  as  well  as  a  UV  tele¬ 
scope,  a  CCD  imaging  system,  and  X-ray 
detectors.  The  spacecraft  is  to  be  inserted  into 
an  orbit  of  approximately  700  km  altitude  (Ref¬ 
erences  144-145,  147-148). 

4.1.13  Italy 

Italy  began  its  national  space-based  tele¬ 
communications  program  with  the  experimental 
Sirio  spacecraft  developed  in  the  1970’s.  These 
relatively  small  (approximately  220  kg  on-sta¬ 
tion  in  GEO),  spin-stabilized  spacecraft  were 
constructed  by  an  Italian  aerospace  consortium 
to  test  the  characteristics  of  18/12  GHz  trans¬ 
missions.  The  drum-shaped  spacecraft  had  a 
diameter  of  1 .4  m  and  a  height  of  1  m  and  was 
covered  with  solar  cells  which  produced  a  maxi¬ 
mum  of  150  W.  Sirio  1  was  launched  in  1977 


and  functioned  well  past  its  2-year  design  life 
before  being  retired  in  1992.  Sirio  2  was  lost  in 
an  Ariane  launch  failure  in  1982. 

Italy’s  first  operational  communications  sat¬ 
ellite  was  launched  15  January  1991  by  an  Ari¬ 
ane  booster.  Developed  by  a  contractor  team 
led  by  Alenia  Spazio,  ITALSAT  carries  ten 
active  transponders  plus  five  spares  for  30/20 
GHz  and  50/40  GHz  links  with  a  capacity  of 
12,000  telephone  circuits.  The  900-kg  (on-sta¬ 
tion)  spacecraft  consists  of  a  rectangular  bus 
2.3  m  by  2.7  m  by  3.5  m  and  two  solar  panels 
with  a  total  span  of  21.8  m  and  more  than  1.5 
kW  power.  The  design  life  for  the  first  test  vehi¬ 
cle  is  only  five  years.  ITALSAT  2  is  not  sched¬ 
uled  for  launch  until  1996  when  it  will  also  carry 
ESA’s  first  European  Mobile  Services  payload. 
ITALSAT  2  was  undergoing  environmental  test¬ 
ing  in  France  in  late  1994.  ITALSAT  1  is  sta¬ 
tioned  at  13.2°  E,  which  will  also  be  the  home  of 
ITALSAT  2  (References  146, 149-152). 

Two  new  GEO  systems  are  under  consider¬ 
ation  by  Italy  for  deployment  by  the  end  of  the 
decade.  SARIT  (Satellite  di  Radiodiffusuione 
Italiane)  could  provide  direct  broadcast  televi¬ 
sion  service  formerly  handled  by  ESA’s  Olym¬ 
pus  Satellite  and  may  be  based  on  the  ITALSAT 
design.  This  ambitious  project  is  currently  suf¬ 
fering  from  the  organizational  and  budgetary  dif¬ 
ficulties  at  ASI.  Also  being  designed  is  the 
SICRAL  (Sistema  Italiana  de  Communicazione 
Riservente  Allarmi)  military  communications 
system  with  satellites  positioned  at  16°  and  22° 
E.  The  multi-purpose  spacecraft  would  include 
transponders  for  8/7  GHz  and  14/1 1  GHz  com¬ 
munications.  Alternatively,  SICRAL  may  appear 
as  a  transponder  package  on  another  host 
spacecraft.  In  either  case,  launch  is  not 
expected  until  1997  or  later. 

Meanwhile,  in  LEO  two  Italian  microsatel¬ 
lites  were  launched  in  1993  less  than  a  month 
apart.  The  first,  TEMISAT  (Telespazio  Micro 
Satellite),  was  built  by  Germany’s  Kayser- 
Threde  GmbH  under  contract  to  Italy’s 
Telespazio  and  was  launched  as  a  piggy-back 
satellite  with  Russia’s  Meteor  2-21  on  a  Ukra- 
nian  Tsykion  launch  vehicle.  The  32-kg  TEMI¬ 
SAT  was  released  into  an  orbit  of  937  km  by 
969  km  at  an  82.5°  inclination  on  31  August 
1993.  The  principal  mission  of  TEMISAT  is  to 
collect  environmental  data  from  numerous,  dis¬ 
persed  transmitters  and  forward  the  information 
to  special  data  collection  centers  in  the  138-150 
MHz  band.  TEMISAT  1  was  expected  to  oper- 
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ate  3-5  years  but  failed  in  the  Fall  of  1 994  (Ref¬ 
erences  153-157). 

ITAMSAT  (Italian  Amateur  Satellite),  aka 
OSCAR  26,  was  launched  as  one  of  six  piggy¬ 
back  microsatellites  on  the  SPOT  3  mission  on 
26  September  1 993.  From  its  500-km  sun-syn¬ 
chronous  orbit,  ITAMSAT,  like  its  amateur  radio 
satellite  predecessors,  will  connect  radio  enthu¬ 
siasts  around  the  world.  The  10-kg,  23-cm  cube 
satellite  was  designed  and  built  by  the  Asso- 
ciazione  Radiomatori  Italian!  near  Milan  for  only 
$200,000.  A  second  ITAMSAT  is  under  devel¬ 
opment  (References  158-160). 

4.1.14  Japan 

By  the  end  of  1 994  Japan  had  deployed  1 9 
GEO  communications  satellites  from  five  series 
and  was  maintaining  a  constellation  of  1 0  oper¬ 
ational  satellites  at  seven  locations  in  the  geo¬ 
stationary  ring  from  110°  E  to  162°  E.  Japan’s 
extensive  satellite-based  communications  pro¬ 
gram  is  17  years  old  and  has  been  promoted  by 
both  the  national  space  agency  NASDA  and  by 
the  commercial  sector.  Since  the  program’s 
inception,  Japan  has  employed  a  mix  of  domes¬ 
tic  and  foreign  spacecraft  and  launch  services. 
Although  Japan  deployed  another  commercial 
communications  satellite  during  1993-1994,  the 
long-awaited  experimental  ETS  VI  failed  to 
reach  GEO  and  was  stranded  in  GTO. 

Japan’s  Engineering  Test  Satellite  (ETS) 
series  began  in  1975,  and  two  years  later 
NASDA’s  first  GEO  platform  ETS  II  (also  known 
as  Kiku-2)  was  launched  by  an  N-l  booster  and 
stationed  at  130°  E.  This  mission  not  only  vali¬ 
dated  the  GEO  launch  technique  but  also  tested 
spacecraft  control  systems  vital  to  future  com¬ 
munications  satellites.  Experimental  communi¬ 
cations  at  1.7  GHz,  11.5  GHz,  and  34.5  GHz 
were  tested.  The  130-kg,  spin-stabilized  ETS  II 
was  finally  retired  in  1991. 

The  first  ETS  series  spacecraft  to  have  a 
specific  communications  objective  was  ETS  V 
(Kiku-5),  launched  on  27  August  1 987  by  an  H-l 
booster  and  stationed  at  150°  E.  ETS  V  was 
Japan’s  first  3-axis  stabilized  GEO  satellite  with 
an  on-station  mass  of  550  kg.  The  spacecraft 
carried  two  1 .6/1 .5  GHz  transponders  to  test  an 
INMARSAT  compatible  mobile  communications 
system.  The  spacecraft  bus  measured  1.4  m  by 
1 .7  m  with  a  twin  solar  panel  span  of  9.7  m.  At 
the  end  of  1994,  ETS  V  was  still  positioned  near 
150°  E. 


FIGURE  4.18  ETS  VI  SPACECRAFT. 


ETS  VI,  with  a  wide  assortment  of  commu¬ 
nications  systems  and  experiments,  was 
launched  on  the  second  mission  of  the  new  H-ll 
vehicle  on  28  August  1994.  Although  the  H-ll 
performed  as  expected  and  placed  the  space¬ 
craft  into  a  GTO,  the  Liquid  Apogee  Propulsion 
System  (LAPS)  malfunctioned,  leaving  ETS  VI 
in  an  elliptical  orbit  of  approximately  7,800  km 
by  38,700  km  at  an  inclination  of  13.1°.  The 
spacecraft  remained  operational,  but  its  non- 
nominal  orbit  posed  severe  experimental  limita¬ 
tions  and  presented  unanticipated  environmen¬ 
tal  stresses. 

The  2.0-metric-ton  (on-station)  ETS  VI  was 
designed  and  manufactured  by  prime  contrac¬ 
tors  Toshiba  and  Mitsubishi.  The  spacecraft  bus 
is  2m  X  2.8m  x  3m  and  supports  two  solar 
arrays  (total  power  =  4.2  kW)  with  a  span  of 
approximately  30  m  (Figure  4.18).  The  660-kg 
payload  includes  numerous  transponder  sys¬ 
tems,  primarily  at  the  higher  frequencies  of  30/ 
20  GHz  and  above.  A  major  mission  objective 
was  the  testing  of  an  inter-satellite  communica¬ 
tions  system  utilizing  Ka-band,  S-band  and  O- 
band  links.  A  laser  space-ground  link  was  also 
planned,  as  were  tests  of  a  new  ion  propulsion 
system.  The  design  10-year  lifetime  will  proba¬ 
bly  not  be  met,  but  most  of  the  experiments  are 
expected  to  be  carried  out,  if  not  as  extensively 
as  planned  (References  161-170). 

Prior  to  the  ETS  VI  failure,  the  next  commu- 
nications-oriented  ETS  mission  was  the  pro¬ 
posed  ETS  N  which  would  be  launched  about 
2001  to  test  cellular  phone  technologies.  Also 
under  consideration  is  an  ETS  VIII  which  could 
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FIGURE  4.19  DRTS  NETWORK  OPERATION  CONCEPT. 


combine  the  objectives  of  ETS  VI  and  N  (Refer¬ 
ences  171-172). 

Already  In  development  before  the  ETS  VI 
accident  was  the  Communications  and  Broad¬ 
casting  Engineering  Test  Sateliite  (COMETS), 
also  sponsored  by  NASDA,  designed  to  test 
inter-satellite  and  advanced  mobile  satellite 
communications.  With  an  overall  mass  and 
spacecraft  bus  similar  to  ETS  VI,  COMETS,  to 
be  launched  In  1997,  would  carry  a  variety  of 
Ka-band  and  S-band  transponders  and  would 
be  stationed  at  121°  E.  Gallium  arsenide  solar 
cells  will  provide  increased  power  (up  to  5.5 
kW)  as  compared  to  ETS  VI.  Eventually  a  2-sat¬ 
ellite  Data  Relay  and  Tracking  Satellite  (DRTS) 
network  (Figure  4.19)  is  envisioned  with  full 
compatibility  with  its  American  and  European 
counterparts  (References  173-177). 

A  LEO  laser-based  optical  communi-cations 
testbed  has  been  approved  by  NASDA  for 
launch  in  1997  on  a  J-l  booster.  Dubbed 
OICETS  (Optical  Inter-Orbit  Communications 
Engineering  Test  Satellite),  the  500-kg  class 
vehicle  will  be  placed  into  a  500-km-high  orbit 
and  will  work  directly  with  ESA’s  ARTEMIS  sat¬ 
ellite.  OICETS  will  carry  both  S-band  and  laser 


FIGURE  4.20  CS-3A  SPACECRAFT. 
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communications  packages.  The  rectanguiar 
spacecraft  bus  wili  be  approximatefy  0.8m  x 
1.1m  X  1.5m  with  two  solar  arrays  stretching  a 
total  span  of  nearly  nine  meters  (References 
178-181). 

The  Japanese  CS  (Communications  Satel¬ 
lite)  series  has  been  highly  successful  since  its 
debut  in  1 977.  The  prototype  satellite  CS  (also 
known  as  Sakura)  was  operational  from  1 977  to 
1985.  The  second  generation,  operational 
spacecraft,  CS-2a  and  CS-2b,  were  launched  in 
1983  and  continued  to  function  until  1991  and 
1990,  respectively. 

The  current  constellation  is  comprised  of 
CS-3a  and  CS-3b  (launched  in  1 988)  and  sta¬ 
tioned  at  132°  E  and  136°  E.  These  spin-stabi¬ 
lized,  drum-shaped  (diameter  of  0.2  m  and 
height  of  0.3  m)  spacecraft  (Figure  4.20)  pos¬ 
sess  an  on-orbit  mass  of  550  kg  (compared  to 
the  350  kg  CS-2  satellites)  and  are  based  on 
U.S.  Ford  Aerospace  designs.  The  communica¬ 
tions  payload  consists  of  10  active  plus  five 
spare  30/20  GHz  transponders  and  two  active 
plus  one  spare  6/4  GHz  transponders.  The  pri¬ 
mary  contractors  are  Mitsubishi  and  NEC  Cor¬ 
poration  (References  175  and  182). 

By  the  time  the  design  lives  of  CS-3a  and 
CS-3b  are  reached  in  1995,  the  next  generation 
of  satellites  in  the  series  are  scheduled  to  be 
launched.  Known  as  CS-4  or  N-Star,  the  new 
spacecraft  will  be  procured  by  the  Nikon  Tele¬ 
graph  and  Telephone  company  from  the  U.S. 
and  will  be  based  on  Loral’s  FS-1300  platform. 
TTTe  N-Star  payload  will  consist  of  eight  14/11 
GHz,  eleven  30/20  GHz,  and  five  6/4  GHz  tran¬ 
sponders  and  should  be  operational  for  ten 
years.  Aerospatiale  is  under  contract  to  provide 
unique  2.6  m  by  4.5  m  composite  antennas  for 
the  C-band  and  Ku-band  transponders.  The  N- 
Star  spacecraft  may  also  be  able  to  satisfy 
some  of  the  objectives  of  the  hampered  ETS  VI 
(References  175, 183-185). 

A  year  after  the  first  CS-class  satellites 
were  launched,  the  BS  (Broadcasting  Satellite) 
program  was  inaugurated  with  the  flight  of  BSE 
(Experimental)  also  known  as  Yuri.  As  the  name 
implies,  BS  satellites  are  designed  for  television 
broadcasting  and  were  initially  developed  for 
the  Japanese  Ministry  of  Posts  and  Telecom¬ 
munications  and  for  the  Japan  Broadcasting 
Corporation  (NHK).  All  BS  satellites  have  been 
located  at  1 1 0°  E  and  have  been  of  the  same 
basic  configuration:  3-axis  stabilization  of  a 


rectangular  spacecraft  bus  with  two  elongated 
solar  arrays. 

The  350-kg  BSE  was  followed  in  1 984  and 
1986  by  the  operational  and  essentially  identi¬ 
cal  BS-2a  and  BS-2b,  respectively.  Each  space¬ 
craft  carried  two  active  and  one  spare  1 00  W, 
14/12  GHz  transponders.  Built  by  Toshiba  with 
assistance  from  General  Electric,  the  BS-2 
series  were  designed  for  five  years  of  opera¬ 
tions.  BS-2a  was  moved  to  a  graveyard  orbit  in 
1 989,  followed  by  BS-2b  in  1 992. 

After  losing  two  BS  spacecraft  in  launch 
accidents  (Ariane  in  February,  1990,  and  Atlas- 
Centaur  in  April,  1991),  the  BS  constellation 
from  1990-1994  consisted  of  BS-3a  (August, 
1990)  and  BS-3b  (August,  1991).  The  BS-3 
class  satellites  (Figure  4.21),  which  have  expe¬ 
rienced  some  difficulties,  have  an  initial  on-sta- 
tion  mass  of  550  kg  and  are  based  on  the  Lock- 
heed-Martin  (GE)  3000  bus.  The  15-m  span 
solar  arrays  provide  slightly  less  than  1 .5  kW  at 
beginning  of  life.  The  payload  includes  three 
active  and  three  backup  14/12  GHz  transpon¬ 
ders  and  a  single  14/13  GHz  unit.  A  third  BS-3 
named  BS-3N  was  finally  launched  by  Ariane 
on  8  July  1 994.  Co-located  with  its  predeces¬ 
sors  and  with  a  similar  payload,  the  spacecraft 
possessed  a  higher  on-station  mass  of  700  kg. 
A  more  powerful  B-SAT  (formerly  BS-4)  genera¬ 
tion  spacecraft  is  under  development  for  a 
maiden  launch  in  1997.  The  Hughes-built,  1.25- 
metric-ton  spacecraft  are  being  developed  by 
the  newly  formed  B-SAT  (Broadcast  Satellite 


FIGURE  4.21  BS-3  SPACECRAFT. 
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System)  Corporation  (References  175,  186- 
194). 

During  1979-1980  Japan  launched  two 
Experimentai  Communications  Sateiiites  (ECS, 
aiso  known  as  Ayame)  on  N-l  boosters  from 
Tanegashima.  However,  both  satellites  were 
lost  shortly  after  launch  during  the  firing  of  their 
apogee  kick  motors.  These  smaii,  130-kg,  spin- 
stabiiized  satellites  were  not  repiaced  and  the 
Japanese  ECS  program  was  terminated. 

In  1989  two,  purely  commercial  Japanese 
communications  networks  were  started,  both 
relying  on  U.S.-made  spacecraft.  In  1985  the 
Japanese  Communications  Sateilite  Company 
was  created  by  Hughes,  Mitsui,  and  C  Itoh  as  a 
commercial  alternative  to  the  Government  con- 
troiied  CS  and  BS  sateiiites  for  the  fuii  range  of 
teiecommunications  services  (Hughes  later  left 
the  consortium).  In  March,  1989,  and  January, 
1990,  JCSAT  1  and  JCSAT  2  were  launched  by 
Ariane  and  Titan  3  boosters,  respectively.  Both 
spacecraft  are  identical  and  based  on  the 
Hughes  HS-393  platform. 

These  1 .4-metric-ton  spin-stabilized  space¬ 
craft  are  3.7  m  in  diameter  and  10  m  tall  when 
the  solar  array  skirt  is  extended.  The  communi¬ 
cations  payload  consists  of  40  14/12  GHz  tran¬ 
sponders  (including  eight  spares),  working 
through  a  single  2.4  m  diameter  antenna.  The 
JCSAT  spacecraft  are  deployed  at  150°  E  (next 
to  ETS  V)  and  154°  E  and  are  designed  to  oper¬ 
ate  for  at  least  ten  years.  JCSAT  3  was  sched¬ 
uled  for  launch  in  1995  and  will  use  the  larger 
HS-601  bus  to  carry  12  C-band  and  28  Ku-band 
transponders.  The  on-station  mass  will  be  1 ,820 
kg  (References  195-200). 

The  Space  Communications  Corporation  of 
Japan  (SCC)  was  formed  a  month  before 


FIGURE  4.22  SUPERBIRD  SPACECRAFT. 


JCSAT  in  1985  but  did  not  launch  its  first  satel¬ 
lite  until  three  months  after  its  competitor. 
SCC’s  Superbird  spacecraft  are  based  on 
Loral’s  (formerly  Ford  Aerospace)  FS-1 300  bus, 
which  was  also  selected  for  the  N-Star  replace¬ 
ment  of  the  CS-3  satellites.  The  1.5-metric-ton 
Superbird  spacecraft  carry  a  total  of  26  tran¬ 
sponders;  23  (with  8  spares)  at  14/12  GHz  and 
3  at  29/19  GHz. 

Superbird  A  was  launched  in  June,  1989,  by 
Ariane  (as  have  been  all  Superbird  satellites) 
and  was  stationed  at  158°  E.  A  second  satellite, 
Superbird  B,  was  lost  in  the  Ariane  accident  of 
February,  1990.  Before  a  replacement  could  be 
launched,  Superbird  A  malfunctioned,  necessi¬ 
tating  its  transfer  to  a  graveyard  orbit  in  1991. 
The  constellation  of  two  spacecraft  (Figure 
4.22)  at  158°  E  and  162°  E  was  finally  estab¬ 
lished  in  1992  with  Superbird  A1  (1  December 
1992)  and  Superbird  B1  (26  February  1992). 
Both  were  still  operational  at  the  end  of  1994. 
Superbird  C,  based  on  the  Hughes  HS-601  plat¬ 
form,  will  be  launched  in  1997  with  a  total  of  24 
C-band  and  Ku-band  transponders  (References 
201-204). 

In  1986  and  then  again  in  1990  Japan 
launched  small  amateur  radio  satellites  under 
the  OSCAR  program.  The  two  50-kg  spacecraft, 
Fuji  1  (Oscar  12)  and  Fuji  2  (Oscar  20),  were 
constructed  by  the  Japan  Amateur  Radio 
League  and  were  roughly  0.4  m  by  0.4  m  by  0.5 
m.  Fuji  1  was  inserted  into  a  nearly  circular  orbit 
of  about  1 ,500  km  at  an  inclination  of  50°  along 
with  a  primary  geodetic  payload,  and  Fuji  2 
accompanied  a  maritime  observation  satellite 
into  space,  reaching  an  orbit  of  910  km  by  1 ,750 
km  at  an  inclination  of  99°.  Fuji  1  failed  in  1989, 
but  Fuji  2  remained  operational  in  1994. 

4.1.15  Luxembourg 

The  Luxembourg-based  Societe  Europ- 
eenne  des  Satellites  (SES)  provides  telecom¬ 
munications  services  to  most  of  Europe  via 
American-manufactured  spacecraft.  The  Astra 
network  was  doubled  during  1993-1994  and  at 
the  end  of  1994  consisted  of  four  satellites,  all 
launched  by  Ariane  and  stationed  at  19.2°  E: 
Astra  1A  (December,  1988),  Astra  IB  (March, 
1991),  Astra  1C  (May,  1993),  and  Astra  ID 
(November,  1994). 

Astra  1A  and  Astra  IB  are  both  based  on 
Lockheed-Martin  (GE  Astro  Space)  spacecraft 
buses,  although  the  former  is  a  1.0  metric  ton 
4000  series  platform  and  the  latter  is  a  1 .5  met- 
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FIGURE  4.23  ASTRA  1C  SPACECRAFT  IN 
CHECKOUT. 


ric  ton  5000  series  platform.  Astra  1 A  measures 
1 .5  m  by  1 .7  m  by  2.1  m  with  a  solar  panel  span 
of  19.3  m  and  2.8  kW  capacity.  Meanwhile, 
Astra  1 B  has  overall  dimensions  of  2.2  m  by  2.2 
m  by  2.8  m  with  a  solar  panel  span  of  24.3  m 
and  4.9  kW.  Both  spacecraft  carry  16  Ku-band 
transponders,  but  those  on  Astra  1 B  are  higher 
power  (60W  versus  45W). 

Astra  1C  and  ID  rely  on  the  Hughes  HS- 
601  spacecraft  bus  with  an  on-station  mass  of 
1 .7  metric  tons.  Each  spacecraft  carries  1 6  Ku- 
band  transponders  (plus  six  spares)  and  spans 
21  m  across  its  two  solar  arrays,  which  provide 
more  than  3  kW.  The  design  lifetime  is  at  least 
15  years. 

Four  additional  Astra  1  spacecraft  are 
scheduled  for  launch  during  1995-1998  and  all 
will  be  procured  from  Hughes.  Astra  IF  in  1996 
wiii  become  the  first  Western  GEO  communica¬ 
tions  satellite  to  be  launched  by  Russia’s  Proton 
booster  (References  205-209). 

4.1.16  Malaysia 

A  long-time  user  of  INTELSAT  and  Indone¬ 
sian  communications  satellites,  Malaysia 
decided  in  1991  to  establish  a  domestic  GEO 
communications  system  with  the  aid  of  US-built 
spacecraft.  Two  Malaysia  East  Asia  Sateilites 


(MEASATs)  are  scheduled  for  launch  beginning 
in  1996  with  a  principal  location  at  91.5°  E.  The 
Hughes  HS-376  spin-stabilized  spacecraft  will 
feature  several  improvements  over  its  class, 
including  gallium  arsenide  solar  cells,  greater 
payload  power  availability,  and  a  new  light¬ 
weight,  high-gain  antenna.  The  MEASAT  1 
communications  payload  will  consist  of  12  C- 
band  and  four,  high  power  (110  W)  Ku-band 
active  transponders.  The  design  lifetime  is  12 
years  (References  210-215). 

4.1.17  North  Atlantic  Treaty  Organization 
(NATO) 

Headquartered  in  Brussels,  Belgium,  the 
NATO  Communications  and  Information  Sys¬ 
tems  Agency  maintains  three  primary  opera¬ 
tional  spacecraft  in  GEO  to  provide  command, 
control,  and  communications  among  the  US 
and  the  European  members  of  NATO.  The 
NATO  Phase  I  communications  network  used 
the  US  Defense  Sateilite  Communications  Sys¬ 
tem  (DSCS)  from  1967  untii  Phase  II  began  with 
the  launches  of  NATO  2A  and  NATO  2B  in 
March,  1970,  and  February,  1971.  These 
spacecraft  were  based  on  the  UK  Skynet  1 
design  with  an  on-station  mass  of  1 30  kg  and  X- 
band  transponders. 

The  NATO  3  series  included  four  spacecraft 
deployed  between  1976  and  1984;  NATO  3A 
(April,  1976),  NATO  3B  (January,  1977),  NATO 
3C  (November,  1978),  and  NATO  3D  (Novem¬ 
ber,  1984).  Produced  by  Ford  Aerospace,  the 
spin-stabilized  NATO  3  spacecraft  possessed 
an  on-station  mass  of  310  kg  and  retained  simi¬ 
lar  X-band  frequencies.  At  the  start  of  1993, 
NATO  3B  and  3D  were  both  still  operational, 
although  the  former  was  retired  and  placed  in  a 
graveyard  orbit  in  July  of  that  year.  NATO  3D 
remained  on  station  through  1994  at  21°  W. 

In  1991  the  NATO  4  series,  based  on  the 
UK’s  Skynet  4  spacecraft,  debuted  with  the 
launch  of  NATO  4A  in  January.  NATO  4B  fol¬ 
lowed  in  December,  1 993,  and  together  the  two 
satellites  serve  as  the  backbone  of  NATO’s  sat¬ 
ellite  communications  system.  They  are 
deployed  at  1 8°  W  and  6°  E,  respectively,  with 
an  on-station  mass  of  more  than  800  kg  and  a 
design  lifetime  of  seven  years.  The  communica¬ 
tions  bands  are  now  in  the  UHF  (2  transpon¬ 
ders)  and  SHF  (3  transponders)  bands.  Plans 
for  a  NATO  5  series  are  likely  to  be  shelved  in 
favor  of  leasing  commercial  circuits  (Refer¬ 
ences  216-218). 
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4.1.18  Norway 

Norway  became  an  instant  GEO  communi¬ 
cations  operator  when  in  late  1 992  Norwegian 
Telecom  purchased  the  on-orbit  Marcopolo  2 
(aka  BSB  R2)  spacecraft  from  the  firm  of  British 
Satellite  Broadcasting.  Marcopolo  2  is  a  Hughes 
HS-376  class  spacecraft  launched  in  August, 
1990.  The  spin-stabilized  spacecraft  (2.2  m 
diameter  and  a  deployed  height  of  7.2  m)  had 
an  initial  on-station  mass  of  660  kg  and  a  pay- 
load  of  five  active  Ku-band  transponders.  The 
spacecraft,  renamed  Thor,  was  moved  from  31° 
W  to  1°  W,  where  it  remained  in  operation 
throughout  1993-1994.  Thor  is  being  aided  by 
INTELSAT  702,  which  is  co-located  with  Thor 
(References  219-220). 

4.1.19  Pakistan 

Although  Pakistan  has  expressed  an  inter¬ 
est  to  develop  a  GEO  communications  system, 
the  country  is  still  several  years  away  form 
deploying  the  first  satellite.  In  the  meantime, 
Pakistan  is  experimenting  with  basic  store/ 
dump  communications  relays  in  LEO.  A  50-kg 
Badr-1  satellite  was  launched  as  a  secondary 
payload  on  the  Chinese  CZ-2E  mission  of  16 
July  1990.  Originally  designed  for  a  nearly  cir¬ 
cular  orbit  of  400-500  km,  Badr-1  was  inserted 
into  an  orbit  of  205  km  by  990  km  which  led  to  a 
natural  decay  after  only  145  days,  although 
contact  with  the  vehicle  ceased  on  20  August. 
However,  during  its  short  mission,  the  satellite 
successfully  completed  store/dump  message 
tests  using  144-146  and  435-436  MHz  frequen¬ 
cies. 

The  Pakistan  GEO  constellation  is  being 
designed  with  a  capacity  of  4,800  long  distance 
telephone  channels,  2,400  rural  circuits,  and 
two  direct  broadcast  television  channels  in  the 
14/11  GHz  band.  PAKSAT  GEO  locations  near 
38°  E  and  41°  E  are  planned  (References  221- 
222). 

4.1.20  People’s  Republic  of  China 

The  PRC  currently  operates  a  constellation 
of  three  Dongfanghong-2  (DFH-2)  communica¬ 
tions  satellites  in  GEO  for  domestic  needs.  The 
debut  of  the  much  more  capable  DFH-3  series 
was  spoiled  in  late  1994  when  the  spacecraft 
failed  to  reach  GEO.  Meanwhile,  a  second-hand 
US  satellite  has  been  procured  and  new  satel¬ 
lite  designs  are  in  development. 

Designed,  manufactured,  and  launched  by 
indigenous  means,  the  modest  DFH-2  space- 


FIGURE  4.24  DFH-2  SPACECRAFT. 

craft  are  analogous  to  1960’s  era  Western  GEO 
satellites  (e.g.,  INTELSAT  3),  although  slightly 
heavier.  After  an  initial  CZ-3  launch  failure  in 
January,  1984,  the  first  Chinese  GEO  satellites 
were  deployed  in  April,  1984,  and  February, 
1986,  to  125°  E  and  103°  E,  respectively.  Both 
satellites  apparently  continued  to  operate  until 
1990-1991,  by  which  time  they  had  been 
replaced  by  the  operational  DFH-2  series.  With 
an  on-orbit  mass  of  441  kg  (compared  to  433  kg 
for  the  earlier  satellites),  DFH-2  spacecraft  were 
successfully  placed  in  GEO  in  March,  1988, 
December,  1988,  and  February,  1990,  and 
positioned  at  87.5°  E,  110.5°  E,  and  98°  E, 
respectively.  All  three  satellites  remained  on 
station  at  the  end  of  1994.  A  fourth  DFH-2  was 
lost  on  28  December  t991  when  its  CZ-3  upper 
stage  failed  to  reignite.  \  \ 

The  DFH-2  is  a  spin-stabilized,  drum¬ 
shaped  satellite  with  a  diameter  of  2.1  m  and  a 
height  of  3.1  m  (Figure  4.24).  The  communica¬ 
tions  payload  consists  of  only  two  6/4  GHz  tran¬ 
sponders  with  an  output  power  of  10  W.  The 
total  electrical  power  capacity  is  assessed  to  be 
about  300  W  (the  first  two  experimental  satel¬ 
lites  were  rated  at  284  W)  (References  223- 
227). 
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FIGURE  4.25  DFH-3  SPACECRAFT. 


The  DFH-3  generation  spacecraft,  long  in 
development,  will  be  much  larger  (more  than 
one  metric  ton  on-station),  will  utilize  3-axis  sta¬ 
bilization,  and  will  bear  a  resemblance  to  the 
GE  Astro  Space  5000  series  spacecraft  (Figure 
4.25).  More  importantly,  the  communications 
payload  will  consist  of  up  to  24  6/4  GHz  tran¬ 
sponders  for  both  telephone  and  television 
transmissions.  The  design  life  of  the  DFH-3  will 
be  double  that  of  DHF-2,  i.e.,  eight  years  com¬ 
pared  to  four  years. 

Due  to  its  size  the  DFH-3  requires  a  more 
capable  launch  vehicle  than  the  DFH-2’s  CZ-3. 
To  this  end  the  CZ-3A  was  first  tested  on  8  Feb¬ 
ruary  1994,  successfully  placing  a  dummy  DFH- 
3  spacecraft  and  a  small  scientific  satellite  into 
GTO.  Nearly  10  months  later  on  29  November, 
DFH-3  1  followed,  entering  GTO  precisely  as 
planned.  Unfortunately,  however,  the  German- 
supplied  apogee  kick  stage  malfunctioned, 
causing  Chinese  officials  to  use  the  spacecraft’s 
propulsion  system  to  lift  the  vehicle  into  a  sub- 
geosynchronous  orbit  where  the  spacecraft  was 
declared  lost.  (DASA  also  contributed  compo¬ 
nents  for  the  communications  antennas  and 
solar  array  mechanism  as  well  as  provide  over¬ 
all  design  guidance.)  The  second  DFH-3  space¬ 
craft  was  not  expected  to  be  ready  for  launch 
until  1 996  (References  228-238). 

During  1993-1994  DASA  and  China  formed 
a  new  venture  named  EuraSpace  which  will 
develop  a  follow-on  DFH-3  spacecraft  desig¬ 
nated  Sinosat.  Like  DFH-3,  Sinosat  will  be 
largely  Chinese  made  with  some  German  com¬ 
ponents  and  management  assistance.  The  pre¬ 
liminary  design  for  Sinosat  envisions  as  many 
as  1 2  C-band  and  six  Ku-band  transponders  ini¬ 
tially  with  growth  up  to  30  transponders.  The 
spacecraft  is  likely  to  be  50%  more  massive 
than  DFH-3,  but  the  first  launch  will  probably 


not  occur  before  1997  (References  236,  239- 
243). 

To  help  offset  the  loss  of  DFH-2  4  and  the 
delay  in  the  DFH-3  program,  China  in  late  1992 
purchased  the  nearly  9-year-old  Spacenet  1 
(May,  1984)  from  GTE.  In  1993  the  spacecraft, 
renamed  Zhongxing  5  (aka  Chinasat  5),  was 
moved  to  115.5°  E.  The  spacecraft’s  payload 
consists  of  18  C-band  and  six  Ku-band  tran¬ 
sponders.  Subsequently,  China  and  INTELSAT 
reached  an  agreement  on  joint  ownership  of 
Zhongxing  5  and  the  to-be-launched  INTELSAT 
805  (References  244-251). 

China  also  announced  in  1994  a  plan  to 
deploy  a  GEO  data  relay  satellite  later  in  this 
decade.  However,  formal  program  approval  had 
not  yet  been  granted  (Reference  252). 

4.1.21  Philippines 

While  a  strong  customer  of  various  Western 
Rim  communications  services,  the  Philippines 
has  sought  during  the  1990’s  to  assemble  sup¬ 
port  for  a  domestically  owned  GEO  communica¬ 
tions  system.  By  late  1994,  two  commercial 
ventures  were  attempting  to  field  potentially 
competing  networks  by  the  end  of  1996.  Each 
program,  one  led  by  Philippine  Agila  Satellite, 
Inc.,  and  one  led  by  Mabuhay  Philippines  Satel¬ 
lite  Corporation,  would  employ  Western  space¬ 
craft  equipped  with  a  mix  of  C-band  and  Ku- 
band  transponders.  More  definitive  plans, 
including  a  possible  merger  of  the  projects, 
were  expected  in  1995  (References  253-256). 

On  a  related  front,  the  Philippine  Long  Dis¬ 
tance  Telephone  Company  is  one  of  the  three 
principal  partners  in  the  ACES  network  to  pro¬ 
vide  cellular  phone  service  to  parts  of  Asia 
(Section  4.1.8). 

4.1.22  Russian  Federation 

For  the  20-year  period  from  1 975  through 
1994  the  Russian  Federation  (prior  to  1992,  the 
Soviet  Union)  conducted  an  average  of  16  com¬ 
munications  missions  each  year.  With  the  use 
of  multiple-satellite  launches,  more  than  600 
individual  spacecraft  were  placed  in  Earth  orbit 
during  this  period  into  one  of  three  regimes: 

(1)  low  Earth  orbits, 

(2)  highly  elliptical,  semi-synchronous 
orbits,  or 

(3)  geosynchronous  orbits. 

On  a  daily  basis  in  1994,  approximately  80 
communications  satellites,  from  250-2,500  kg, 
were  operational. 
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The  “Russian  Federal  Space  Program  to 
the  Year  2000”  identifies  nearly  twenty  new  sat¬ 
ellite  communications  systems.  Networks 
receiving  federal  support  in  addition  to  commer¬ 
cial  financing  include  Arkos,  Express-M,  Gals- 
R,  Gonets,  Mayak,  Signal,  and  Yamal.  Those 
which  must  secure  complete  commercial  back¬ 
ing  are  Bankir,  Express,  Gals,  Gelikon,  Globsat, 
Kondor,  Koskon,  Kuryer,  Nord,  Sokol,  SPS- 
Sputnik,  and  Zerkalo. 

During  1993-1994,  27  launches  involving  47 
communications  satellites  were  undertaken,  or 
29%  of  all  Russian  space  missions.  Despite  one 
launch  failure,  27  LEO,  7  highly  elliptical,  and 
12  GEO  spacecraft  were  successfully  deployed. 
While  these  numbers  represent  about  half  of 
the  operational  network  (an  acceptable  2-year 
turnover),  some  specific  constellations  have 
become  increasingly  populated  with  spacecraft 
operating  beyond  their  design  lifetimes.  This  sit¬ 
uation  is  especially  apparent  in  GEO. 

4.1 .22.1  Low  Earth  Orbits 

The  lowest  level  of  the  three-tier  communi¬ 
cations  satellite  constellation  is  now  populated 
with  two  distinct  systems  devoted  to  military  and 
government  communications.  Both  systems  are 
assessed  to  be  simple  store-dump  repeaters 
which  are  particularly  useful  in  relaying  non- 
essential  traffic  between  the  Russian  Federa¬ 
tion  and  overseas  stations  or  forces. 

The  first  system  debuted  in  1970  and  con¬ 
sists  of  750-1,000  kg  satellites  deployed  at 
mean  altitudes  of  800  km  in  three  orbital  planes 
inclined  74°  to  the  equator  and  spaced  120° 
apart.  These  Strela  2  spacecraft  are  launched 
separately  by  the  Kosmos  launch  vehicle  from 
the  Plesetsk  Cosmodome  into  each  orbital 
plane  at  intervals  of  24-36  months  in  recent 
years.  The  activity  of  satellites  can  be  moni¬ 
tored  via  a  characteristic  CW  beacon  emitted  on 
a  frequency  of  153.660  MHz. 

At  the  beginning  of  1993  the  principal  mem¬ 
bers  of  this  constellation  were  Kosmos  2112, 
Kosmos  2150,  and  Kosmos  2208.  On  16  June 
1993  Kosmos  2251  was  launched  to  replace  the 
oldest  of  the  trio.  Likewise,  on  20  December 
1994,  Kosmos  2298  was  placed  into  orbit  to 
takeover  from  the  then-oldest  member,  Kosmos 
2150. 

Also,  debuting  in  1970  was  a  communica¬ 
tions  system  of  small  (61  kg,  0.80  m  by  0.75  m) 
relay  satellites  launched  from  Plesetsk  by  the 
Kosmos  booster  in  groups  of  eight  (Figure 


4.26).  Although  the  mean  altitude  of  this  con¬ 
stellation  was  near  1,500  km,  each  set  of  eight 
Strela  1  satellites  was  normally  dispersed  into 
slightly  elliptical  orbits  with  mean  altitudes 
between  1,430  km  and  1,490  km.  The  inten¬ 
tional  orbital  period  differences  of  about  0.15 
min  ensured  that  the  satellites  would  become 
randomly  spaced  about  the  orbital  plane  shortly 
after  launch.  Unlike  the  lower  altitude  constella¬ 
tion,  this  network  relied  on  a  single  orbital  plane 
with  an  inclination  of  74°  which  was  replenished 
on  the  average  once  each  year.  The  last  mis¬ 
sion  in  this  program  was  in  June,  1992,  and  the 
network  has  now  been  superseded  by  the  more 
modern  and  capable  Strela  3  system. 

The  Strela  3  system,  which  began  missions 
in  1985,  is  launched  by  the  Tsyklon-3  booster 
from  the  Plesetsk  Cosmodrome  into  orbits  near 
1,400  km  at  inclinations  of  82.6°  with  six  space¬ 
craft  stacked  atop  each  launch  vehicle.  Two 
orbital  planes,  spaced  90°  apart,  apparently 
each  contain  10-12  operational  spacecraft.  Nor¬ 
mally,  two  missions  are  conducted  per  year, 
suggesting  an  average  spacecraft  lifetime  of 
approximately  24  months.  Four  missions  were 


FIGURE  4.26  STRELA  1  SPACECRAFT. 
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FIGURE  4.27  GONETS  CLASS  SPACE¬ 
CRAFT  IN  ASSEMBLY. 


undertaken  during  1993-1994:  Kosmos  2245- 
2250  (May,  1993),  Kosmos  2252-2257  (June, 
1993),  Kosmos  2268-2273  (February,  1994), 
and  Kosmos  2299-2304  (December,  1994).  The 
220-kg  spacecraft  have  a  diameter  of  1 .0  m  and 
a  main  bus  height  of  1 .5  m.  A  gravity-gradient 
beam  is  extended  on-orbit  to  provide  passive 
attitude  stabilization. 

In  1990  the  principal  spacecraft  developers 
(the  Applied  Mechanics  Scientific  Production 
Association  and  the  Precision  Instruments  Sci¬ 
entific  Production  Association)  began  to  market 
a  slightly  modified  satellite  as  a  commercial 
communications  relay.  Through  the  SMOLSAT 
Consortium  in  Moscow,  which  also  includes  the 
Soyuzmedinform  Scientific  Production  Associa¬ 
tion  and  an  American  partner  (COSSCASP, 
later  known  as  Network  Services  International), 
the  spacecraft  have  been  offered  to  support 
international  health  organizations  to  meet  their 
global  communications  needs,  e.g.,  the  transfer 
of  medical  data  and  records  to  remote  sites.  In 


the  commercial  variant,  the  satellites,  known  as 
Gonets  (Messenger),  are  capable  of  store/dump 
communications  on  2-3  channels  in  the  200-400 
MHz  band  with  a  transmitter  output  power  of  10 
W.  The  250-kg  Gonets  are  expected  to  be 
deployed  at  1,350  km  at  82.5°,  similar  to  the 
Strela  3  satellites  but  distributed  among  6 
orbital  planes  for  a  total  constellation  of  36 
spacecraft  (Figures  4.27  and  4.28).  This  infra¬ 
structure  should  ensure  a  mean  communication 
waiting  time  of  less  than  20  minutes  with  more 
than  80%  probability.  Attitude  control  is 
achieved  through  gravity-gradient  stabilization. 
The  electrical  power  system,  provided  by  solar 
cells  and  nickel-hydrogen  batteries,  provides  an 
average  40  W  for  the  payload  which  is  designed 
to  operate  for  five  years. 

Data  transmission  rates  available  include 
2.4  kbits/s,  9.6  kbit/s,  and  64  kbit/s  with  an  on¬ 
board  storage  capacity  of  8  Mbytes.  A  hand¬ 
held  user  terminal  (UT-P)  resembles  a  cellular 
phone  and  weighs  only  1-3  kg.  Two  demonstra¬ 
tion  Gonets  (Gonets  D)  satellites  were  included 
in  the  Kosmos  21 97-2202  mission  (specifically, 
Kosmos  2199  and  Kosmos  2201)  and  were 
tested  successfully  during  1992.  Three  addi¬ 
tional  Gonets  D  spacecraft  were  scheduled  for 
launch  in  1993,  but  did  not  appear.  The  first 
generation  Gonets  system,  if  deployed,  may  be 
followed  by  an  advanced  Gonets-R  design 
equipped  with  satellite-to-satellite  links.  Gonets- 
R  may  employ  larger,  950-kg  spacecraft  in  even 
greater  numbers  (45)  and  operate  at  L-  and  Ku- 
bands  (References  257-263). 

LEO  was  also  the  destination  of  a  small 
amateur  radio  satellite  launched  on  the  maiden 
orbital  mission  of  the  Rokot  booster  on  26 
December  1994.  Dubbed  Radio-ROSTO  (Rus¬ 
sian  Defense,  Sport,  and  Technical  Organiza¬ 
tion),  the  72-kg  spacecraft  closely  resembled 
the  Strela  1  communications  satellite.  The  pay- 
load  was  the  BRTK-1 1  electronic  billboard  (aka 
RSI  5)  for  use  by  amateur  radio  operators.  The 
transponders  worked  at  an  uplink  frequency 
band  of  145.857-145.897  MHz  and  a  downlink 
frequency  band  of  29.357-29.397  MHz  with  an 
output  power  of  5  W.  Radio-ROSTO  was 
inserted  into  an  orbit  of  1 ,884  km  by  2,161  km  at 
an  inclination  of  64.8°  (References  264-265). 

Radio-ROSTO  is  seen  as  the  precursor  to  a 
proposed  constellation  of  Radio-M  spacecraft. 
Also  launched  by  Rokot  but  into  orbits  of  950- 
1 ,000  km  at  65°,  the  network  would  consist  of 
up  to  six  spacecraft  working  with  uplink  and 
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FIGURE  4.28  DEPLOYMENT  SEQUENCE  FOR  GONETS  SPACECRAFT. 


downlink  frequencies  of  435  MHz  and  146  MHz 
and  an  output  transmitter  power  of  20  W.  Radio- 
M  spacecraft  will  be  nearly  twice  as  massive 
with  a  total  mass  of  120  kg.  An  alternative  sys¬ 
tem  would  consist  of  six  Radio-ROSTO  class 
spacecraft  in  circular  orbits  near  1,950  km  at 
inciinations  of  65°  (References  264  and  266). 
The  Radio  program  dates  back  to  the  piggy¬ 
back  launch  of  Radio-1  and  Radio-2  in  1978, 
followed  by  Radio-3  through  Radio-8  in  1981. 
Subsequent  Radio  transponders  were  carried 
by  other  host  spacecraft  (see  below). 

Eight  new  LEO  communications  networks 
have  been  proposed  by  Russian  industry;  but 
only  one  consortium  has  fiown  a  test  vehicie, 
and  market  forces  will  not  support  all  concepts. 
On  29  January  1991  a  prototype  satellite  for  the 
Koskon  (Space  Conversion)  Global  Space 
Communication  System  was  launched  from  the 
Plesetsk  Cosmodome  by  the  Kosmos  launch 
vehicle.  Designated  Informator  1,  the  600-kg 
satellite  was  inserted  into  an  orbit  of  960  km  by 
1,010  km  at  an  inclination  of  83°  under  the 


FIGURE  4.29  KOSKON  SPACECRAFT. 
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sponsorship  of  the  Ministry  of  Geoiogy.  Informa- 
tor  1  was  deveioped  by  the  Polet  Production 
Association  and  the  Eias  Scientific  Production 
Association  and  is  cylindricai  in  nature  (diame¬ 
ter  1 .8  m,  height  of  4  m)  with  two  soiar  paneis 
designed  to  produce  1  kW  average  power.  Like 
Gonets,  Informator  1  reiies  on  gravity  gradient 
stabiiization  and  is  projected  to  have  an  opera¬ 
tional  lifetime  of  5  years  or  more. 

The  operational  Koskon  system  will  consist 
of  32-45  Informator-ciass  sateiiites  (Figure 
4.29)  with  muitiple  sateiiites  in  several  orbital 
planes.  Although  replacement  spacecraft  may 
continue  to  be  launched  by  the  Kosmos 
booster,  the  initial  groups  of  three  spacecraft 
are  to  be  deployed  using  the  Zenit  booster.  The 
first  operational  spacecraft  may  be  launched  as 
early  as  1 997  with  deployments  completed  by 
1998-1999.  Uplink  (1.656-1.660  GHz)  and 
downlink  (1.555-1.559  GHz)  communications 
will  be  at  a  rate  of  4-5  MBaud,  while  cross-link 
communications  at  2.0-2. 1  GHz  and  0.5-1 
MBaud  also  have  been  advertised.  C-band 
transmissions  may  also  be  possible.  The  two 
primary  control  centers  will  be  located  in  the 
Moscow  and  Omsk  regions  (References  261, 
267-270). 

Informator  1  also  carried  the  Soviet  RSI  4 
and  the  German  RUDAK  2  amateur  satellite 
transponders  as  piggy-back  payloads.  Exactly 
one  week  after  the  launch  of  these  amsat  tran¬ 
sponders,  two  more,  RSI 2  and  RSI 3,  were 
placed  in  a  virtually  identical  orbit  as  secondary 


FIGURE  4.31  SIGNAL  SPACECRAFT. 

payloads  to  the  Kosmos  2123  navigation  satel¬ 
lite.  Several  such  amsat  transponders  were 
developed  at  the  Kaluga  Electromechanical 
Plant  under  the  direction  of  Aleksander  Papkov 
and  were  launched  by  the  USSR  during  1978- 
1991  (Reference  271). 

The  Eias  Scientific  Production  Associa-tion 
is  also  a  principal  participant  in  the  proposed 
Kuryer  communications  system  of  Convert 
spacecraft.  The  current  network  design  calls  for 
8-12  of  the  500-kg  satellites  (Figure  4.30)  to  be 
deployed  in  700  km  orbits  with  76°  inclinations 
by  the  Start-1  launch  vehicle.  With  a  primary 
objective  of  supporting  “e-mail”  and  other  com¬ 
munications,  the  Kuryer  system  may  operate  at 
430-470  MHz  with  helical  antennas  and  later  at 
L-band  with  phased  array  antennas.  Optical  sat¬ 
ellite  crosslinks  have  also  been  mentioned.  The 
small  spacecraft  will  be  powered  by  two  long, 
narrow  solar  arrays  and  will  reject  heat  via  a  liq¬ 
uid  radiator.  The  flight  testing  program  was  to 
begin  in  1993  but  was  delayed  until  1995  at  the 
earliest  (References  261, 272-274). 

The  RKK  Energiya  and  Polet  PO  have 
teamed  up  with  other  industries  to  field  the  Sig¬ 
nal  constellation  of  LEO  satellites.  Up  to  48  of 
these  310-kg  spacecraft  (12  satellites  in  each  of 
four  orbital  planes)  will  fly  at  altitudes  of  1 ,500 
km  with  inclinations  of  74°.  Launches  will  be 
conducted  either  by  Kosmos  boosters  with  two 
spacecraft  or  by  Tsykion  boosters  with  six 
spacecraft.  The  long  and  narrow  spacecraft 
(Figure  4.31)  will  have  a  payload  capacity  of 
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70  kg  and  a  design  lifetime  of  six  years.  The 
current  design  includes  UHF,  L-band,  and  Ku- 
band  transponders.  Like  several  of  its  competi¬ 
tors,  Signal  has  suffered  program  delays,  and 
the  launch  of  the  first  prototype  spacecraft  has 
slipped  until  at  least  1995  (References  261, 
262,  275-277). 

The  Makeyev  Design  Bureau  in  Miass  has 
proposed  a  constellation  of  LEO  communica¬ 
tions  satellites  based,  in  part,  on  its  extensive 
experience  in  naval  systems,  including  subma¬ 
rine-launched  ballistic  missiles.  The  BPS  (Per¬ 
sonal  Satellite  Communications  System)  -  Sput¬ 
nik  network  would  consist  of  32-48  spacecraft  of 
300  kg  mass  in  orbits  of  510  km  with  inclina¬ 
tions  of  70°.  The  system  is  design  for  voice,  dig¬ 
ital,  and  facsimile  communications  via  direct  or 
electronic  mail  methods.  The  primary  communi¬ 
cations  link  will  be  in  the  300-400  MHz  band 
with  a  possible  extension  to  C-band.  SPS-Sput- 
nik  spacecraft,  with  design  lifetimes  of  five 
years,  will  be  launched  by  Shtil-IN  boosters, 
perhaps  beginning  in  1995  (References  261, 
278-279). 

The  Salyut  Design  Bureau  chose  perhaps 
the  least  ambitious  of  all  Russian  LEO  commu¬ 
nications  systems.  Its  Globsat  constellation 
would  consist  of  only  3-6  spacecraft  at  an  alti¬ 
tude  of  1,000  km  and  an  inclination  of  65°. 
These  150-kg  spacecraft  would  be  launched  in 
groups  of  three  with  Salyut’s  Rokot  booster. 
Unlike  other  systems,  Globsat  is  designed  for 
real-time  communications  during  limited  contact 
periods,  e.g.,  10  minutes  for  users  within  a  300- 
km  region.  Links  would  be  via  the  300-400  MHz 
band.  System  deployment,  which  could  be 
accomplished  with  only  one  or  two  launches, 
was  not  scheduled  until  1995  or  later  (Refer¬ 
ences  261  and  280). 


FIGURE  4.32  ELEKON  SPACECRAFT. 


Two  other,  less  defined  and  less  likely  to 
emerge,  concepts  are  Pallada  and  Radiobook. 
The  former  network  has  been  devised  by  the 
Moscow  Radiocommunication  Research  Insti¬ 
tute  for  regional,  i.e.,  CIS,  communications  ser¬ 
vices,  including  voice,  telegraph,  fax,  and  data 
transmissions.  The  constellation  of  36  space¬ 
craft  would  orbit  the  Earth  at  an  altitude  of  1 ,640 
km  at  an  inclination  of  63°  and  would  employ  C- 
band  channels  (Reference  281).  The  Radio¬ 
book,  on  the  other  hand,  would  utilize  from  24  to 
36  micro-satellites  (10  kg  or  less)  for  a  packet 
radio  network  which  could  be  launched  with 
much  smaller  boosters,  including  air-launched 
missiles.  The  principal  applications  would  be  e- 
mail  and  limited,  non-realtime  personal  commu¬ 
nications  (Reference  282). 

In  1990  the  Lavochkin  NPO  announced 
plans  to  create  a  LEO  communications  network 
of  4-8  satellites  operating  in  the  UHF  band  (400- 
480  MHz)  by  1994  (Reference  283).  However, 
in  1992  the  Bankir  project  had  evolved  into  a 
geosynchronous  satellite  system  employing 
new  Coupon  satellites.  This  concept  is 
described  below  with  other  future  GEO  sys¬ 
tems. 

The  final  LEO  system,  which  is  already  far 
along  in  development,  is  actually  a  hybrid  com- 
munications-navigation  system  called  Elekon. 
With  a  team  of  Science  and  Technology  Inter¬ 
national  of  Russia  (STIR)  and  Elbe  Space  and 
Technology  of  Dresden,  Germany,  the  Elekon 
program  seeks  to  replace  the  existing  two  Rus¬ 
sian  LEO  navigation  systems  (Section  4.2.6) 
and  at  the  same  time  implement  a  low-cost 
vehicle/container  tracking  and  messaging  net¬ 
work.  The  latter  payload  consists  of  L-band,  S- 
band,  and  C-band  transponders  which  will  oper¬ 
ate  from  a  900-kg  platform  orbiting  the  Earth  at 
an  altitude  of  1,150  km  (Figure  4.32).  The  con¬ 
stellation  will  use  seven  spacecraft  in  different 
orbital  planes  and  with  an  expected  lifetime  of 
3-5  years.  An  Elekon  payload  was  tested  in 
orbit  on  the  GEO-IK  1  satellite  (launched  29 
November  1994).  The  first  operational  vehicle 
was  not  scheduled  for  launch  until  the  latter  part 
of  1995  at  the  earliest  (References  284-286). 

4.1.22.2  Highly  Elliptical  Orbits 

The  second  stratum  of  the  Russian  space- 
based  communications  system  consists  of  16 
Molniya-class  spacecraft  in  highly  elliptical, 
inclined  (63°)  semi-synchronous  orbits.  With  ini¬ 
tial  perigees  between  450  and  600  km  fixed 
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spacecraft  orbital  velocity  is  greatly  reduced 
near  apogee,  allowing  broad  visibility  of  the 
Northern  Hemisphere  for  periods  up  to  eight 
hours  at  a  time.  By  carefully  spacing  3-4 
Molniya  spacecraft,  continuous  communications 
can  be  maintained.  This  type  of  orbit  was  pio¬ 
neered  by  the  USSR  and  is  particularly  suited  to 
high  latitude  regions  which  are  difficult  or 
impossible  to  service  with  geostationary  satel¬ 
lites. 

The  first  prototype  Molniya  satellite  was 
launched  in  1964  and  to  date  more  than  150 
have  been  deployed.  Primarily  produced  by  the 
Applied  Mechanics  NPO  in  Krasnoyarsk, 
Molniya  satellites  weigh  approximately  1 .6  met¬ 
ric  tons  at  launch  and  stand  4.4  m  tall  with  a 
base  diameter  of  1 .4  m.  Electrical  energy  is  pro¬ 
vided  by  six  windmill-type  solar  panels  produc¬ 
ing  up  to  1  kW  of  power  (Figure  4.33).  A  liquid 
propellant  attitude  control  and  orbital  correction 
system  maintains  spacecraft  stability  and  per¬ 
forms  orbital  maneuvers,  although  the  latter 
usage  is  rarely  needed.  Sun  and  Earth  sensors 
are  used  to  determine  proper  spacecraft  atti¬ 
tude  and  antenna  pointing. 

The  16  operational  Molniya  satellites  are 
divided  into  two  types  and  four  distinct  groups. 


FIGURE  4.34  TYPICAL  MOLNIYA  1  AND  MOLNIYA  3  GROUNDTRACKS. 


FIGURE  4.33  ORIGINAL  MOLNIYA  1 
SPACECRAFT. 


deep  in  the  Southern  Hemisphere  and  apogees 
near  40,000  km  in  the  Northern  Hemisphere, 
Molniya  satellites  are  synchronized  with  the 
Earth’s  rotation,  making  two  complete  revolu¬ 
tions  each  day  (orbital  period  of  718  minutes). 
The  laws  of  orbital  mechanics  dictate  that  the 
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FIGURE  4.35  MOLNIYA  3  SPACECRAFT. 


Eight  Molniya  1  satellites  are  divided  into  two 
constellations  of  four  vehicles  each.  Both  con¬ 
stellations  consist  of  four  orbital  planes  spaced 
90°  apart,  but  the  ascending  node  of  one  con¬ 
stellation  is  shifted  90°  from  the  other,  i.e.,  the 
Eastern  Hemisphere  ascending  nodes  are 
approximately  65°  and  155°  E,  respectively 
(Figure  4.34).  Although  the  system  supports  the 
Russian  Orbita  Television  network,  a  principal 
function  is  to  service  government  and  military 
communications  traffic  via  a  single  40  W,  1.0/ 
0.8  GHz  transponder.  Since  Molniya  1-75  in 
1989,  all  Molniya  1  spacecraft  have  been 
launched  from  the  Plesetsk  Cosmodome  by  the 
Molniya  booster. 

Half  of  the  MolniVa  1  constellation  was 
replenished  during  1993-1994.  In  1993 
Molniya’s  1-85,  1-86,  and  1-87  replaced 
Molniya’s  1-78,  1-81,  and  1-77,  respectively. 
The  sole  Molniya  1  launch  of  1994,  Molniya  1- 
88,  relieved  Molniya  1-82  of  its  duties.  At  the 
end  of  1994,  these  four  new  spacecraft  were 
working  with  Molniya’s  1-79,  1-80,  1-83,  and  1- 
84.  The  oldest  spacecraft  in  the  constellation, 
Molniya  1-79,  had  just  turned  four  years  old  in 
November,  1994.  All  currently  operational 
Molniya  1  spacecraft  are  of  the  Molniya  IT 
class  which  was  introduced  in  the  1970’s. 

The  first  Molniya  3  spacecraft  (Figure  4.35) 
appeared  in  1974,  primarily  to  support  civil  com¬ 
munications  (domestic  and  international),  with  a 
slightly  enhanced  electrical  power  system  and  a 
communications  payload  of  three  6/4  GHz  tran¬ 
sponders  with  power  outputs  of  40  W  or  80  W. 
Although  the  launch  requirements  are  the  same 
for  Molniya  1  and  Molniya  3  and  although 


Molniya  1  satellites  have  been  launched  from 
either  Plesetsk  or  Baikonur,  Molniya  3  space¬ 
craft  have  only  originated  from  Plesetsk.  Until 
1983  the  Molniya  3  constellation  consisted  of 
only  four  satellites  which  were  essentially  co¬ 
located  with  four  Molniya  1  satellites.  When  the 
Molniya  3  system  was  expanded  to  eight  vehi¬ 
cles  in  1983-1985,  the  new  additions  inaugu¬ 
rated  the  155°  E  ascending  node  geometry. 
After  the  restructuring  of  the  Molniya  1  constel¬ 
lations  in  1991,  the  Molniya  1  and  Molniya  3 
systems  are  essentially  the  same  from  a 
deployment  perspective  and  to  some  extent 
provide  an  inherent  backup  capability. 

On  the  average  Molniya  3  spacecraft  are 
replaced  slightly  less  frequently  than  their 
Molniya  1  cousins,  representing  an  apparent 
longer  operational  life  by  5-6  months.  Two 
Molniya  3  spacecraft  were  launched  in  1993, 
Molniya  3-44  and  Molniya  3-45,  to  repiace 
Molniya’s  3-41  and  3-37,  respectively.  Like  the 
Molniya  1  constellation,  the  Molniya  3  network 
received  only  one  new  number  in  1994;  Molniya 
3-46  to  replace  Molniya  3-40.  Thus,  at  the  end 
of  1994  the  Molniya  3  constellation  consisted  of 
these  three  new  spacecraft  as  well  as  five  older 
spacecraft  (Molniya’s  3-36,  3-38,  3-39,  3-42, 
and  3-43).  The  oldest  spacecraft  was  five  years 
old. 

In  1990  the  Applied  Mechanics  NPO 
announced  that  it  was  developing  a  successor 
to  the  Molniya  series  of  spacecraft.  The  latest 
design  for  the  Mayak  spacecraft  (Figure  4.36) 
closely  resembles  the  Arcos  GEO  spacecraft, 
with  which  it  will  form  the  Marathon  communica¬ 
tions  system  (see  below).  The  total  on-orbit 
mass  will  be  2,500-3,000  kg  which  includes  a 
payload  mass  of  580  kg.  Mayak  will  support 
both  L-band  and  C-band  communications  and 


FIGURE  4.36  MAYAK  SPACECRAFT. 


will  be  compatible  with  INMARSAT  standards. 
Four  spacecraft  will  comprise  the  Mayak  system 
and  the  design  lifetime  for  each  vehicle  will  be 
twice  that  of  Molniya:  5-7  years.  The  first  launch 
of  a  Mayak  spacecraft  by  the  new  Rus  launch 
vehicle  will  not  come  until  1997  or  later,  five 
years  after  the  original  schedule  (References 
262  and  287). 

The  Lavochkin  NPO  has  proposed  highly 
elliptical  communications  systems  under  two 
different  names:  Nord  and  Tyulpan.  Nord  was 
described  in  1992  as  a  4-satellite  network  of 
2,300-kg  spacecraft  launched  by  the  Rus 
booster.  The  3-axis-stabilized  spacecraft  were 
to  be  based  on  military  spacecraft,  a  short, 
cylindrical  bus  with  two  S-shaped  solar  arrays. 
The  600-kg  payload  was  to  service  both  fixed 
and  mobile  users  and  be  in  orbit  by  1 994-1 995 
(Reference  288). 

Recently  Lavochkin’s  Tyulpan  has  been 
promoted  more  heavily.  Retaining  several  Nord 
system  characteristics,  the  Tyulpan  network 
would  employ  2,400-2,600-kg  spacecraft  with  a 
different  design  (Figure  4.37).  The  two  solar 
arrays  will  generate  up  to  1.5  kW,  and  ion 
engines  will  perform  attitude  control  and  orbit 
maintenance  functions.  The  670-kg  payload  will 
include  C-band  and  Ku-band  transponders.  Six 
spacecraft  are  needed  for  the  Tyulpan  network 


which  maximizes  the  8-hour  visibility  of  each 
spacecraft  by  coordinating  the  operation  of  the 
C-band  and  Ku-band  transponders.  The  former 
with  steerable  antennas  can  be  used  at  lower 
altitudes,  whereas  the  Ku-band  transponders 
primarily  operate  with  fixed  antennas  near  apo¬ 
gee  (Reference  289). 

4.1.22.3  Geosynchronous  Earth  Orbits 

The  Soviet  use  of  geosynchronous  satel¬ 
lites  for  telecommunications  purposes  did  not 
begin  until  the  mid-1 970’s.  By  the  end  of  1 994 
more  than  100  communications  and  data  relay 
spacecraft  had  been  placed  in  geosynchronous 
orbits  with  36  still  operational  near  27  positions 
along  the  geostationary  ring  (Table  4.3).  During 
1993-1994  a  total  of  12  GEO  communications 
spacecraft  were  deployed  under  six  program 
names:  Raduga,  Gorizont,  Kosmos,  Luch,  Gals, 
and  Express.  The  last  two  represented  the 
maiden  flights  of  the  next  generation  Russian 
GEO  communications  spacecraft. 

Russian  GEO  spacecraft  differ  from  most 
other  GEO  satellites  by  their  greater  mass  (2- 
2.5  metric  tons  in  GEO),  their  lessor  communi¬ 
cations  capacity,  and,  until  1994,  their  lack  of 
north-south  station-keeping  ability.  The  last 
characteristic  is  evident  in  the  continual  varia¬ 
tion  of  orbital  inclinations  (typically  between  0-5 
degrees)  of  Russian  GEO  satellites  during  their 
operational  lifetimes.  To  minimize  this  effect, 
new  satellites  have  been  launched  with  initial 
GEO  orbital  inclinations  of  1-2  degrees  under 
strict  conditions  which  take  advantage  of  solar- 
lunar  perturbations  first  to  reduce  the  inclination 
to  zero  over  a  period  of  one  to  two  years  before 
it  increases.  East-West  station-keeping  is 
accomplished  with  liquid  propulsion  or  ion 
thrusters. 

To  date,  the  development  of  all  Russian 
GEO  communications  satellites  has  been 
directed  by  the  Applied  Mechanics  NPO  under 
the  leadership  of  Mikhail  Reshetnev.  The  Radio 
NPO  and  the  Institute  of  Space  Device  Engi¬ 
neering  are  the  primary  communications  pay- 
load  developers,  and  the  Astra  NPO  is  the  prin¬ 
cipal  supplier  of  ground  stations  and  receivers. 
Although  USSR/Russian  satellites  are  often 
characterized  by  short  lifetimes  in  comparison 
to  analogous  Western  satellites,  these  Siberian- 
made  spacecraft  exhibit  normal  mission  lives  of 
5-10  years.  All  GEO  satellites  are  transported  to 
Baikonur  for  launch  by  the  Proton  boosters. 
With  rare  exceptions  the  spacecraft  are  inserted 
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TABLE  4.3  RUSSIAN  GEO  COMMUNICATIONS  SPACECRAFT,  1  JANUARY  1995. 


HOST  SPACECRAFT  OR  SYSTEM  1 

RADUGA 

GORIZONT 

GEYSER 

EKRAN 

GALS 

LUCH 

12 

RADUGA 22 
RADUGA 29 

35 

RADUGA 28 

40 

GORIZONT22 

45 

RADUGA  31 

49 

RADUGA  1-2 
RADUGA  1-3 

53 

GORIZONT  27 

70 

RADUGA 25 
RADUGA 32 
RADUGA M 

EXPRESS  1 

71 

GALS1 

80 

GORIZONT  24 

KOSMOS  2085 
KOSMOS  2291 

85 

RADUGA 30 

90 

GORIZONT  28 

95 

LUCH  1 

96.5 

GORIZONT  19 

99 

EKRAN  19 
EKRAN  20 

103 

GORIZONT  25 

128 

RADUGA  27 

130 

GORIZONT  29* 

134 

GORIZONT  17* 

140 

GORIZONT  18 

142.5 

GORIZONT  30* 

145 

GORIZONT  21 

190 

RADUGA  21 

335 

RADUGA 23 

344 

KOSMOS  2054 

346 

GORIZONT  20 

346.5 

KOSMOS  1888 
KOSMOS  2172 

349 

GORIZONT  26 

*  Leased  to  Rimsat 


into  GEO  near  90°  E  and  allowed  to  drift  east  or 
west  to  their  intended  stations. 

The  first  Russian  GEO  series  spacecraft 
were  the  Raduga  military  and  government  com¬ 
munications  satellites  which  appeared  in  1975. 
Since  then  the  Raduga  constellation  has 
expanded  to  12  spacecraft  distributed  among  9 
locations  for  global  coverage.  The  general  con¬ 
figuration  of  Raduga  spacecraft  is  unknown,  but 
the  launch  mass  is  approximately  2.0  metric 
tons.  Up  to  six  6/4  GHz  transponders  are  car¬ 


ried  on  each  satellite.  In  addition,  Raduga 
spacecraft  may  host  Gals  (8/7  GHz),  Luch  P 
(14/11  GHz),  and  Volna  (1.6/1 .5  GHz)  transpon¬ 
ders.  A  new  series  of  Raduga  spacecraft,  desig¬ 
nated  Raduga  1,  debuted  in  1989. 

During  1993-1994  five  Raduga-class  space¬ 
craft  were  launched  and  successfully  deployed 
in  GEO,  while  three  older  spacecraft  were 
retired,  increasing  the  total  number  of  opera¬ 
tional  satellites  of  this  type  to  13  with  the  oldest 
member  seven  years  old.  Raduga  29  was 
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FIGURE  4.38  GORIZONT  SPACECRAFT. 

launched  on  25  March  1993  and  joined  Raduga 
22  at  12°  E.  Raduga  30  followed  on  30  Septem¬ 
ber  1993  and  was  transferred  to  85°  E.  Raduga 
26,  which  had  been  stationed  at  85°  E,  began  a 
series  of  small  maneuvers  coincident  with  the 
launch  of  Raduga  30,  and  the  older  satellite  was 
placed  in  a  graveyard  orbit. 

Two  more  standard  Raduga  spacecraft 
were  launched  in  1994;  Raduga  31  on  18  Feb¬ 
ruary  and  Raduga  32  on  28  December.  Raduga 
31  replaced  Raduga  24  at  45°  E,  allowing  the 
latter  to  drift  off-station  shortly  thereafter. 
Raduga  32,  on  the  other  hand,  was  sent  to  join 
Raduga  25  and  Raduga  1-1  at  70°  E.  The  third 
standard  Raduga  spacecraft  to  retire  during 
1993-1994  was  Raduga  19,  which  shared  the 
35°  E  slot  with  Raduga  28.  Raduga  19  per¬ 
formed  an  end-of-life  maneuver  in  September, 
1 993.  Raduga  1  -3  was  the  only  Raduga  1  type 
spacecraft  launched  during  the  period,  and  it 
joined  Raduga  1  -2  at  49°  E  after  launch  in  Feb¬ 
ruary,  1994. 

The  equally  populous  Gorizont  satellites  are 
primarily  used  for  domestic  and  international 
communications.  In  use  since  1979,  the  Gori¬ 
zont  constellation  established  a  tenth  position  in 
the  GEO  ring  for  domestic  needs  and  deployed 
three  Gorizonts  (one  old,  two  new)  to  new  loca¬ 
tions  in  support  of  Rimsat,  Ltd.,  the  US-based 
firm  leasing  orbital  slots  from  Tonga.  In  all,  four 
Gorizont  spacecraft  were  launched  during 
1993-1994,  but  one  was  lost  due  to  a  Proton 
launch  failure.  With  no  resident  spacecraft 
being  retired  during  the  period,  the  number  of 
active  Gorizonts  increased  by  the  end  of  1994 
to  13. 


The  Gorizont  spacecraft  (Figure  4.38)  pos¬ 
sesses  an  initial  mass  in  excess  of  2.1  metric 
tons  and  has  demonstrated  a  lifetime  of  nearly 
10  years,  although  a  5-year  service  life  is  more 
common.  The  3-axis  stabilized  satellite  is 
approximately  2  m  in  diameter  and  5  m  long 
with  two  large  solar  arrays  capable  of  generat¬ 
ing  1 .3  kW  of  electrical  power  for  the  first  three 
years.  Seven  separate  transmission  antennas 
permit  a  variety  of  reception  patterns  for  both 
broad  and  localized  terrestrial  regions. 

A  typical  Gorizont  communications  payload 
includes  six  general  purpose  (TV,  audio,  fac¬ 
simile)  6/4  GHz  transponders  (five  12.5  W  and 
one  60  W),  one  Luch  14/11  GHz  transponder 
(1 5  W),  and  one  Volna  1 .6/1 .5  GHz  transponder 
(20  W).  The  Volna  transponders  are  INMAR- 
SAT-compatible  and  are  extensively  used  by 
the  Russian  merchant  marine  fleet  via  the  pri¬ 
mary  control  center  in  the  Tomilino  suburb  of 
Moscow  and  the  Odessa  and  Nakhodka  ground 
stations.  Gorizont  is  the  primary  GEO  television 
rebroadcasting  system,  supporting  all  five  fed¬ 
eration  time  zones:  Zone  1  from  140°  E,  Zone  2 
from  90°  E,  Zone  3  from  80°  E,  Zone  4  from  53° 
E,  and  Zone  5  from  14°  W.  These  transmissions 
are  handled  by  Orbita  (12-m  receiving  antenna) 
and  Moskva  (2.5-m  receiving  antenna)  ground 
stations  in  the  6/4  GHz  band.  The  Moskva  Glo- 
balnaya  system  was  inaugurated  in  1989  using 
4-m  receiving  antennas  and  serviced  by  Gori¬ 
zonts  at  96.5°  E  and  1 1°  W  (Reference  290). 

The  first  Gorizont  launch  attempt  in  1 993  on 
27  May  failed  due  to  propellant  contamination  in 
the  second  and  third  stages,  resulting  in  the 
spacecraft  splashing  down  in  the  Pacific  Ocean. 
After  the  Proton  returned  to  service  in  late  Sep¬ 
tember,  two  Gorizonts  were  deployed  in  the 
final  quarter  of  the  year.  Gorizont  28,  launched 


FIGURE  4.39  EKRAN-M  SPACECRAFT. 
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on  28  October  replaced  Gorizont  21  at  90°  E. 
This  allowed  Gorizont  21  to  be  repositioned 
from  mid-November  to  late-December  for  the 
inauguration  of  a  new  station  at  145°  E. 

Gorizonts  29  (18  November  1993)  and  30 
(20  May  1994)  were  launched  for  Rimsat,  Ltd., 
to  provide  communications  services  in  the 
Pacific  region  under  an  agreement  signed  in 
1992  between  Rimsat  and  the  Applied  Mechan¬ 
ics  NPO.  Gorizont  29  was  located  at  130°  E, 
and  Gorizont  30  settled  in  at  142.5°  E  in  accor¬ 
dance  with  a  lease  arrangement  with  Tonga 
which  had  been  authorized  use  of  those  slots  by 
the  International  Telecommunications  Union. 
The  Rimsat  network  had  actually  been  initiated 
earlier  when  Gorizont  17  was  transferred  from 
53°  E  (where  it  was  a  backup  to  Gorizont  27)  to 
134°  E  during  late-June  and  July,  1993.  At  the 
close  of  1994,  Gorizont  17  was  still  on  station 
but  nearing  the  end  of  its  operational  life  after 
six  years  (References  291-300). 

A  third  Russian  system,  Ekran-M,  provides 
unique  direct  television  broadcasting  service  to 
the  central  federation  region  (Zone  3).  The  orig¬ 
inal  Ekran  spacecraft  debuted  in  1976  and  were 
upgraded  to  the  Ekran-M  model  in  the  second 
half  of  the  1980’s.  All  spacecraft  in  the  series 
have  been  positioned  near  99°  E  and  transmit 
directly  to  simple  individual  or  communal  receiv¬ 
ers  at  0.7  GHz  with  a  powerful  200  W  transpon¬ 
der.  The  new  Ekran-M  spacecraft  (Figure  4.39) 
weigh  approximately  two  metric  tons  and  carry 
two  transponders.  The  solar  arrays  have  been 
augmented  to  provide  1 .8  kW  of  power. 

Although  the  original  Ekran  spacecraft  were 
exceptionally  short-lived,  the  new  Ekran-M  are 
markedly  surpassing  the  cited  3-year  design 
life.  No  new  Ekran-M  spacecraft  were  launched 
during  1993-1994,  but  the  6-year-old  Ekran  19 
and  the  2-year-old  Ekran  20  were  still  on  station 
at  the  start  of  1995.  Although  a  replacement  for 
the  Ekran-M  system  has  been  discussed  for 
several  years  (see  below),  a  new  model  Ekran, 
called  Ekran-D,  has  been  proposed  to  permit 
digital  transmissions  of  a  broader  assortment  of 
information  (References  301-302). 

Two  other  Russian  telecommunications 
systems  have  been  operating  in  GEO  for  many 
years  aboard  Kosmos  spacecraft.  Beginning 
with  Kosmos  1366  in  1982,  the  Potok  data  relay 
system  has  primarily  supported  military  and 
government  users.  Potok  transponders  are 
hosted  on  Geyser  satellites  and  utilize  a  unique, 
hexagonal  phased-array  antenna.  The  principal 


FIGURE  4.40  LUCH  SPACECRAFT. 

ground  stations  for  the  Potok  system  are 
located  at  Nakhodka  and  in  the  Moscow  region 
at  Konakovo.  From  Geyser  spacecraft  posi¬ 
tioned  at  80°  E  and  1 3.5°  W,  the  Potok  system 
is  designed  for  document  and  digital  data  trans¬ 
missions  in  C-band.  A  third  GEO  slot  at  168°  W 
has  not  yet  been  opened.  Mobile  and  stationary 
transmitter/receiver  stations  are  used  with 
antenna  diameters  of  2.6-3  m  as  well  as  com¬ 
pact  phased-array  antennas.  In  1992  Russian 
officials  offered  the  Geyser-Potok  system  for 
commercial  international  use  under  the  name 
Sokol  (References  303-307). 

On  21  September  1994,  the  eighth  of  the 
Geyser  spacecraft  was  launched  under  the 
name  of  Kosmos  2291.  The  vehicle  quickly 
moved  to  80°  E,  joining  Kosmos  2085.  In  Sep¬ 
tember,  1993,  Kosmos  2085’s  previous  com¬ 
panion  had  begun  drifting  off  station  after  its 
mission  of  five  years  had  apparently  been  termi¬ 
nated.  Thus,  at  the  end  of  1994  the  Potok  con¬ 
stellation  had  been  restored  to  its  normal  4-sat¬ 
ellite  complement;  Kosmos  2085  and  2291  at 
80°  E  and  Kosmos  1888  and  2172  at  13.5°  W. 

A  second  GEO  telecommunications  system 
initially  hidden  withtn  tbe  Kosmos  program  is 
the  Satellite  Data  Relay  Network  (SDRN)  which 
is  analogous  to  the  U.S.  Tracking  and  Data 
Relay  Satellite  System  (TDRSS).  Three  Luch 
spacecraft  (not  to  be  confused  with  the  Luch 
transponder  system  on  Gorizont  spacecraft) 
were  launched  between  1985  and  1989:  Kos¬ 
mos  1700,  Kosmos  1897,  and  Kosmos  2054. 
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Although  three  locations  have  been  registered 
with  the  International  Telecommunications 
Union  (16°  W,  95°  E,  and  160°  W),  only  the  first 
two  have  been  employed  to  date. 

Each  Luch  spacecraft  (also  referred  to  as 
Altair  satellites)  has  a  mass  of  2.4  metric  tons 
and  two  extended  solar  arrays  capable  of  sup¬ 
plying  1 .8  kW  (Figure  4.40).  Three  large  anten¬ 
nas  and  numerous,  small  helical  antennas  per¬ 
mit  data  relays  in  the  15/14,  15/11,  and  0.9/0.7 
GHz  bands.  Terrestrial  stations  may  employ 
simple  0.8-2  m  antennas.  The  system  is  espe¬ 
cially  well  suited  for  space-to-space  communi¬ 
cations,  including  the  Mir  space  station  and  the 
now  canceled  Buran  space  shuttle.  The  Luch 
spacecraft  has  a  design  lifetime  of  5  years  (Ref¬ 
erences  308  and  309). 

At  the  beginning  of  1993  the  only  opera¬ 
tional  Luch  spacecraft  was  Kosmos  2054,  sta¬ 
tioned  at  16°  W.  Finally,  on  16  December  1994 
Luch  1  was  launched  and  later  positioned  at  95° 
E.  This  2-satellite  network  is  now  used  primarily 
in  support  of  the  Mir  space  station  program. 

The  year  1994  also  marked  the  long- 
awaited  debut  of  the  first  of  the  next-generation 
Russian  GEO  communications  satellites.  These 
spacecraft,  designed  and  built  by  the  Applied 
Mechanics  NPO,  utilize  a  new,  modernized 
MSS-2500  class  bus  with  greater  electrical 
power,  higher  precision  station-keeping  capabil¬ 
ities  (including  north-south  station-keeping), 
and  longer  life.  The  first  of  these  spacecraft  to 
appear  was  Gals  1  on  20  January  1994,  fol¬ 
lowed  by  Express  1  on  13  October.  Both 
employed  the  MSS-2500-GSO-01  spacecraft 
bus.  Two  other  models  (MSS-2500-GSO-02 
and  MSS-2500-GSO)  are  still  under  develop¬ 
ment. 

The  Gals  television  broadcasting  satellite 
(Figure  4.41),  originally  expected  to  be 
launched  by  December,  1990,  is  designed  to 
support  a  variety  of  direct  broadcast  customers. 


FIGURE  4.41  GALS  SPACECRAFT. 


FIGURE  4.42  EXPRESS  SPACECRAFT. 


including  professionaf  broad-casting  firms 
(receiving  antenna  2.5  m  in  diameter),  commu¬ 
nal  associations  (receiving  antenna  1 .5  m),  and 
individuals  (receiving  antenna  0.6-0.9  m).  The 
2,500-kg  spacecraft  with  a  payload  mass  of  420 
kg  was  originally  scheduled  for  deployments  at 
only  two  locations:  23°  E  with  three  spacecraft 
and  44°  E  with  two  spacecraft.  Later,  positions 
at  74°  E,  110°  E,  and  140°  E  were  added.  The 
constellation  may  be  altered  to  consist  of 
spacecraft  at  36°  E,  56°  E,  86°  E,  110°  E,  and 
140°  E.  Two  solar  arrays  with  a  total  power  of 
2.4  kW  support  three  Ku-band  transponders 
(one  40  W  and  two  80  W).  The  spacecraft  bus 
measures  4.1  m  by  6.6  m  with  a  21 -m  span 
across  the  solar  arrays.  The  design  lifetime  is  5- 
7  years  (References  31 1  -31 6). 

Like  most  Russian  GEO  spacecraft.  Gals  1 
was  inserted  into  the  GEO  ring  near  90°  E.  A 
western  drift  was  assigned  to  permit  the  vehicle 
to  reach  44°  E  by  early  February,  1 994.  After  an 
initial  checkout  during  which  problems  were 
detected  with  one  of  the  three  transponders. 
Gals  1  was  unexpectedly  transferred  to  71°  E 
during  May-June  to  service,  not  the  Russian 
Federation,  but  the  PRC  and  Taiwan.  Gals  1 
remained  at  71°  E  for  the  remainder  of  1994 
(References  312,  317-319). 

Gals  1  also  signaled  the  first  civilian  control 
of  a  major  applications  spacecraft.  The  new 
Main  Control  Center  at  Krasnoyarsk  in  Siberia 
(home  of  the  Applied  Mechanics  NPO),  rather 
than  the  military  satellite  control  facility  at 
Golitsyno-2,  was  in  charge  of  Gals  1’s  day-to- 
day  operations.  Gals  1  further  tested  the  Rus¬ 
sian  SPT-100  ion  thruster  created  by  the  Fakel 
Design  Bureau.  This  evaluation  program  was 
conducted  in  conjunction  with  France’s  SEP 
firm  and  U.S.’s  Loral  Space  Systems  Company 
(References  318,  320-322). 

Three  modifications  of  Gals  are  already 
envisioned.  Gals-R  will  add  a  fourth  transpon¬ 
der  and  permit  zonal  (broad  area)  television 
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broadcasting.  The  Gals-R6  and  Gals-R12  vari¬ 
ants  wiii  carry  6  and  12  transponders,  respec¬ 
tively.  The  first  launch  of  a  Gals-R  vehicle  was 
tentatively  set  for  1996.  Two  Gals-R  class 
spacecraft  have  reportedly  been  ordered  by  a 
Chinese  company  for  launches  beginning  in 
1998  (References  262,  313,  323-324). 

Nine  months  after  Gals  1  was  launched. 
Express  1  was  inserted  into  a  nearly  GEO  orbit. 
The  Express  series  spacecraft  closely  resemble 
the  Gals  spacecraft  which  share  a  similar 
spacecraft  bus  (Figure  4.42).  Express  wiii 
repiace  the  widely  used  Gorizont  spacecraft, 
and  current  plans  call  for  deployments  at  13 
locations  (40°,  53°,  80°,  90°,  96.5°,  99°,  103°, 
140°,  145°,  205°,  322.5°,  346°,  and  349°,  all 
East  longitude)  just  for  domestic  needs  and  to 
support  the  Intersputnik  Telecommunications 
Association.  Additional  Express  spacecraft 
may  be  sold  to  foreign  companies,  e.g.,  Rimsat, 
Ltd.  While  the  Express  solar  arrays  are  identical 
to  those  on  Gals,  the  spacecraft  bus  has  slightly 
smaller  dimensions  of  3.6  m  by  6.1  m.  A  typical 
Express  payload  will  include  10  C-band  and  two 
Ku-band  transponders.  Express  1  reached  its 
checkout  location  of  70°  E  at  the  end  of  October 
and  was  scheduled  to  be  moved  to  14°  W 
shortly  after  the  start  of  1 995  (References  262, 
323,  325-328). 


FIGURE  4.43  ARKOS  SPACECRAFT. 


FIGURE  4.44  GELIKON  SPACECRAFT. 


Eight  additional  new  spacecraft  types  are 
currently  in  various  stages  of  development, 
including  the  first  proposed  GEO  communica¬ 
tions  spacecraft  produced  outside  of  the 
Applied  Mechanics  NPO.  The  next  new  space¬ 
craft  likely  to  appear  will  be  Applied  Mechanics’ 
Arkos  satellite,  which  will  serve  as  the  GEO 
anchor  of  the  Marathon  telecommunications 
network  while  the  highly  elliptical  Mayak  space¬ 
craft  complete  the  system.  Arkos  spacecraft  are 
specifically  designed  to  service  mobile  (air, 
land,  and  sea)  and  remote  users. 

The  design  of  Arkos  (Figure  4.43)  has 
evolved  several  times  since  the  first  concepts, 
and  the  present  configuration  relies  upon  the 
basic  MSS-2500  bus  (like  Gals  and  Express), 
but  the  payload  carries  a  phased-array  primary 
antenna  (two  of  the  Mayak-class  antennas). 
The  spacecraft  will  carry  a  typical  payload  of 
three  transponders  for  INMARSAT-compatible 
C-band  and  L-band  communications.  The  full 
constellation  will  require  five  spacecraft  posi¬ 
tioned  at  40°,  90.5°,  145.5°,  200°,  and  346.5°  E. 
Arkos  is  expected  to  beat  its  Mayak  sister  satel¬ 
lite  into  orbit  with  a  launch  sometime  in  1996 
(References  262,  323,  329-330). 

An  early  Applied  Mechanics  NPO  plan  to 
replace  Gorizont  and  Ekran  spacecraft  revolved 
around  the  Gelikon  project.  Although  the 
Gelikon  schedule  has  slipped  (as  have  all  new 
Russian  GEO  communications  spacecraft),  the 
Gelikon  program  still  officially  enjoys  govern¬ 
ment  approval,  although  no  government  fund¬ 
ing.  Gelikon  satellites  will  be  deployed  at  five 
GEO  positions  (one  for  each  of  the  major  broad¬ 
cast  time  zones):  23°  E,  44°  E,  74°  E,  110°  E, 
and  140°  E.  Although  the  launch  mass  of 
Gelikon  will  be  the  same  as  Gals  and  Express 
(2.5  metric  tons),  Gelikon  will  carry  augmented 
solar  arrays  (span  of  26.9  m)  which  will  provide 
up  to  5.2  kW  for  the  expected  ten-year  lifetime. 
Instead  of  the  three  transponders  on  Gals,  the 
Gelikon  payload  will  include  12  Ku-band  units 
which  will  also  work  with  the  variety  of  receiving 
stations  identified  above  for  Gals.  The  Gelikon 
spacecraft  bus  (Figure  4.44)  differs  in  appear- 
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FIGURE  4.45  SOVCANSTAR  SPACRAFT. 

ance  from  that  of  Gals  and  Express  with  overall 
dimensions  of  6.2  m  by  6.8  m.  The  first  launch 
of  Gelikon  was  set  for  1 995,  but  further  delays 
are  anticipated  (References  331  -332). 

One  of  the  early  Russian-Western  satellite 
programs  was  SovCanStar,  a  joint  venture 
between  the  Applied  Mechanics  NPO  and  a 
Canadian  association  of  Com  Dev  Ltd.,  Cana¬ 
dian  Satellite  Communications,  Inc.,  and  Gen¬ 
eral  Discovery  in  1990.  Under  the  agreement 
the  Russian  side  was  to  provide  the  spacecraft 
bus  and  the  launch  service  (Proton),  while  the 
Canadians  supplied  the  communications  pay- 
load.  The  2,600-kg  SovCanStar  spacecraft  was 
designed  to  carry  24  Ku-band  transponders  (75 
W  output  power)  with  four  spares.  The  first  two 
spacecraft  were  slated  for  145°  E  and  14°  W, 
and  three  additional  locations  to  be  determined 
later.  The  spacecraft  bus  bears  a  strong  resem¬ 
blance  to  that  of  Gelikon  which  was  being 
designed  about  the  same  time.  The  design  life 
of  SovCanStar  is  10  years  with  a  first  launch 
now  expected  about  1998.  A  preliminary  plan  to 
start  the  SovCanStar  system  quickly  with  Gori- 
zont  spacecraft  was  abandoned  after  the  desig¬ 
nated  Gorizont  vehicle  was  lost  in  the  Proton 
accident  of  27  May  1993  (References  333-343). 

A  similar  project  between  Russia  and  Ger¬ 
many  was  significantly  altered  in  1992.  Known 
as  Romantis,  the  original  plan  envisioned  a 
German  consortium  providing  the  communica¬ 
tions  payloads  for  Russian-built-and-launched 
satellites.  Later,  German  industry  assumed 
responsibility  for  the  complete  development  of 
the  spacecraft.  Then,  in  late  1 992  the  scope  of 
the  project  was  reduced  with  the  German  team 
now  focusing  on  the  manufacture  of  ground  sta¬ 
tions  and  the  lease  of  INTELSAT  links  between 
the  CIS  and  Europe  (References  73,  344-347). 


As  noted  above,  the  Lavochkin  NPO  pro¬ 
posed  in  1990  the  creation  of  a  LEO  store/dump 
communications  network  called  Bankir.  How¬ 
ever,  1992  documents  from  Lavochkin  NPO 
indicated  the  Bankir  name  was  now  used  in  ref¬ 
erence  to  a  geostationary  communications  sys¬ 
tem  comprised  of  Coupon  satellites  of  the  Glo- 
bostar  Satellite  Communications  System.  The 
Bankir  network  began  operations  in  1993  via 
the  existing  Potok  system  of  Geyser  spacecraft. 
By  1 997  a  constellation  of  four  Coupon  space¬ 
craft  is  envisioned  at  locations  above  the  east¬ 
ern  Atlantic  (9.5°  W)  and  the  eastern  and  west¬ 
ern  Indian  Ocean  (55°  E,  86.5°  E,  and  91.75° 
E). 

Each  2.5-metric-ton  Coupon  will  employ 
sophisticated  phased-array  antennas  for  trans¬ 
mission  footprints  tailored  to  user  specifications. 
The  basic  spacecraft  will  carry  16  Ku-band  tran¬ 
sponders.  The  Coupon  spacecraft  bus  is 
derived  from  the  newest  generation  missile 
detection  satellites.  The  Bankir  network  is 
being  organized  by  the  newly  established  Rus¬ 
sian  firm  of  Global  Information  Systems,  Inc. 
The  Elas  NPO  will  provide  the  transponders  and 
the  ground  stations  (References  288,  323,  348- 
355). 

In  1991  Lavochkin  NPO  teamed  up  with 
NOOS  Space  Technologies  Ltd.  of  Moscow  to 
develop  the  Zerkalo  spacecraft  and  telecommu¬ 
nications  system.  The  Zerkalo  spacecraft  will 
take  advantage  of  some  of  Coupon’s  systems 
but  will  be  heavier  at  just  over  3,000  kg  and  will 
use  conventional  antennas  (Figure  4.47).  The 


FIGURE  4.46  COUPON  SPACECRAFT. 
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solar  array  will  produce  up  to  2.96  kW  with  1.4 
kW  available  to  the  communications  payioad 
which  will  operate  in  the  Ku-band  with  10  tran¬ 
sponders.  The  design  life  of  the  singie  space¬ 
craft  which  wili  be  stationed  at  88.1°  E  is  5-7 
years.  The  first  Zerkalo  iaunch  is  planned  for 
1995  or  later  (References  288,  351,  356-358). 

A  third  Lavochkin  vision  in  association  with 
Moscow  Nil  Radiocommunication  is  the  cre¬ 
ation  of  a  GEO  and  highiy  eiiipticai  communica¬ 
tions  system  analogous  to  Applied  Mechanics’ 
Marathon.  Dubbed  Geostar-MSS,  the  constelia- 
tion  would  consist  of  three  spacecraft  in  GEO 
and  four.spacecraft  in  Molniya-type  orbits.  The 
yet-to-be-defined  sateilites  would  be  equipped 
with  Ku-band  transponders.  The  program 
appeared  to  be  in  an  early  stage  of  develop¬ 
ment  in  1994,  and  no  date  for  a  first  iaunch  was 
set  (Reference  359). 

One  of  Lavochkin’s  cross-town  rivais,  the 
Khrunichev  State  Space  Research  and  Produc¬ 
tion  Center  (inciuding  the  Salyut  Design 
Bureau),  has  proposed  the  Kondor  communica¬ 
tions  system  for  mobiie  users.  This  4-sateiiite 
system  would  be  based  on  2. 5-2. 6  metric  ton 
spacecraft  with  3.2  kW  electricai  power  sys¬ 
tems.  The  communications  payioad  couid  have 


a  mass  up  to  500  kg  and  a  power  requirement 
of  1 .5  kW.  The  transponders  would  be  of  the  L- 
band  and  C-band  types  and  INMARSAT-com- 
patible.  The  L-band  transponders  would  be  high 
power  (200-250  W)  and  be  iinked  to  two  6-m 
diameter  antennas.  A  specific  start  date  for 
Kondor  operations  has  not  been  given,  but  in 
1994  initial  activities  were  said  to  be  possible 
during  1995-1997  (Reference  360). 

RKK  Energiya  has  also  decided  to  enter  the 
GEO  communications  sateiiite  arena.  With  the 
Gazkom  Joint  Stock  Company,  RKK  Energiya  is 
deveioping  the  Yamal  communications  sateiiite 
with  pians  to  depioy  two  vehicies,  one  at  75°  E 
and  one  at  1 9.5°  W.  Yamai  is  the  smallest  of  the 
proposed  GEO  spacecraft  with  a  totai  mass  of 
1 .3-1 .4  metric  tons,  including  a  payioad  mass  of 
up  to  310  kg  (Figure  4.48).  The  box-iike  space¬ 
craft  bus  wiil  carry  two  soiar  arrays  capable  of 
producing  2.4  kW  at  the  end  of  the  10-year 
design  iife.  A  singie  primary  dish  antenna  wiii 
support  the  nine  C-band  transponders.  A  com¬ 
bination  of  liquid  and  ion  engines  wiii  be  used 
for  spacecraft  attitude  and  orbit  maintenance. 
Due  to  their  compact  size  and  low  mass,  Yamal 
spacecraft  can  be  launched  two  at  a  time  by  a 
Proton  booster.  The  first  mission  is  due  in  1997 
(References  323,  361-362). 

Cieariy  the  most  ambitious  GEO  communi¬ 
cations  sateiiite  project  was  ied  by  the  Energiya 
NPO  (prior  to  its  becoming  RKK  Energiya)  with 
the  objective  of  iaunching  enormous  telecom¬ 
munications  piatforms  with  masses  of  up  to  20 
metric  tons  in  GEO.  First  proposed  in  1989  as  a 
means  of  coordinating  and  consolidating 
numerous  nationai  communications  systems, 
the  idea  of  a  high-cost,  high-capacity  GEO  sat¬ 
eiiite  was  received  with  muted  enthusiasm. 


FIGURE  4.48  YAMAL  SPACECRAFT. 


178 


FIGURE  4.49  PROPOSED  CONFIGURATIONS  FOR  LARGE  RUSSIAN  GEO  SPACECRAFT. 


While  providing  one  solution  to  the  problem  of 
overcrowding  in  the  GEO  ring  (reportedly,  three 
platforms  could  replace  32  conventional  GEO 
satellites),  the  concern  about  a  launch  failure  of 
the  Energiya  booster  or  of  an  on-board  support 
system  (e.g.,  attitude  control)  which  would 
cause  the  loss  of  the  entire  spacecraft  was  diffi¬ 
cult  to  overcome  (Figure  4.49). 

Under  the  original  Energiya  NPO  and 
Energiya-Marathon  Association  proposal,  a 
Phase  1  system  (1994-1997)  would  include 
three  17.8  metric  ton  platforms  to  meet  USSR 
internal  communications  needs  as  well  as  com¬ 
munications  with  Europe  and  Asia.  The  7.6- 
metric-ton  payload  would  draw  12  kW  from  the 
total  1 6  kW  on-board  power  supply  to  operate  a 
host  of  transponders  at  1 .6/1 .5  GHz,  6/4  GHz, 
14/11  GHz,  and  18/12  GHz  through  antennas 
ranging  from  1  to  8.5  m  in  diameter.  The  design 
lifetime  was  rated  at  10  years. 

If  successful,  a  Phase  2  system  (1997- 
2000)  might  be  deployed  with  4-5  even  larger 
satellites  to  form  a  Global  Space  System.  A 
total  platform  mass  of  20  metric  tons  could  sup¬ 
port  a  9  metric  payload  package  and  a  24  kW 
electrical  power  supply  system.  Antenna  dimen¬ 
sions  would  grow  to  up  to  20  m  in  diameter, 
while  transponder  frequencies  would  increase 
to  60/50  GHz.  To  increase  the  payload  capacity 
of  the  Energiya  launch  vehicle,  a  two-stage  liq¬ 
uid  oxygen/hydrocarbon  upper  stage  would  be 


replaced  with  a  single  liquid  oxygen/liquid 
hydrogen  upper  stage.  Although  financing  for 
the  project  was  in  hand  in  1 992,  the  cancellation 
of  the  Energiya  launch  vehicle  program  ended 
the  super-heavy  Globis  satellite  project.  How¬ 
ever,  as  late  as  October,  1 994,  such  platforms 
were  still  being  proposed  (References  363- 
368). 

4.1 .23  Saudi  Arabia 

Saudi  Arabia  is  the  headquarters  of  the 
Arab  Satellite  Communications  Organization 
which  has  operated  the  Arabsat  GEO  telecom¬ 
munications  system  since  1985.  With  more  than 
20  member  countries,  the  organization  fills  a 
vital  role  of  communications  in  North  Africa  and 
the  Middle  East  for  many  nations  which  do  not 
need  nor  can  afford  dedicated  satellite  net¬ 
works.  By  the  end  of  1 994,  the  Arabsat  system 
had  been  reduced  to  only  one  spacecraft,  but  a 
new  generation  of  satellites  is  planned  for 
launches  beginning  in  1996. 

The  three  Arabsat  1  spacecraft  are  based 
on  the  Aerospatiale  and  MBB  Spacebus  100 
platform  which  was  also  employed  for  the 
EUTELSAT  2  series.  Ranging  from  nearly  600 
kg  to  almost  800  kg  at  the  start  of  life  in  GEO, 
the  spacecraft  measure  1 .5  m  by  1 .6  m  by  2.3 
m  with  a  solar  array  span  of  about  21  m  for  1 .4 
kW  of  electrical  power.  The  primary  communi¬ 
cations  payload  consists  of  two  S-band  tran- 


spenders  and  25  C-band  trans-ponders.  The 
nominal  design  life  was  seven  years. 

Arabsat  1A  was  launched  by  Ariane  on  8 
February  1985  but  immediately  suffered  a  solar 
panel  extension  malfunction.  Other  failures 
quickly  relegated  the  spacecraft  to  backup  sta¬ 
tus  until  late  1991  when  the  vehicle  was  aban¬ 
doned.  Arabsat  IB  was  launched  by  the  U.S. 
Space  Shuttle  and  was  operated  near  26°  E 
from  June,  1985,  until  the  summer  of  1992 
when  it,  too,  no  longer  continued  station-keep¬ 
ing  operations.  Arabsat  1C  was  launched  by 
Ariane  on  26  February  1992  and  was  still  on 
station  near  31°  E  at  the  end  of  1994. 

As  a  stop-gap  measure  to  maintain  network 
services  until  the  Arabsat  2  spacecraft  become 
available,  the  organization  leased  the  Canadian 
Anik  D2  spacecraft  (November,  1984)  in  1993. 
Renamed  Arabsat  ID,  the  vehicle  was  moved 
from  the  Western  Hemisphere  during  April- 
August  1 993  to  a  position  at  20°  E.  Arabsat  1 D 
is  based  on  a  Hughes  HS-376  bus  and  origi¬ 
nally  carried  24  active  C-band  transponders. 

A  contract  for  two  Arabsat  2  spacecraft  was 
signed  with  Aerospatiale  in  April,  1993.  The 
spacecraft  will  utilize  Aerospatiale’s  Spacebus 
3000  platform  to  carry  22  C-band  transponders 
(including  eight  52  W  moderate  power  tran¬ 
sponders)  and  12  Ku-band  transponders.  Arab¬ 
sat  2  spacecraft  will  have  a  mass  of  more  than 
two  metric  tons  on  station.  The  maximum 
dimensions  of  the  spacecraft  bus  will  be  1.8  m 
and  2.3  m,  and  the  solar  array  span  will  be  25  m 
for  a  5  kW  electrical  power  capacity.  The  launch 
of  Arabsat  2A  is  scheduled  for  1 996  with  Arab¬ 
sat  2B  to  be  followed  as  needed  to  maintain  a 
strong  2-satellite  constellation.  Although  Arab¬ 
sat  2A  will  be  launched  by  Ariane,  the  Proton 
booster  is  being  considered  for  Arabsat  2B 
(References  369-371). 

4.1.24  Singapore 

During  1994  Singapore  Telecommuni-cat- 
ions  teamed  with  Pasifik  Satelit  Nusantara  of 
Indonesia  and  Hughes  to  form  a  joint  venture 
for  mobile  telecommunications  services  in  the 
Asian  theater.  From  this  start,  the  Asia  Pacific 
Mobile  Telecommunications  company  was 
born,  but  the  Indonesian  partner  was  replaced 
with  PRC  government  investors.  Program 
details  were  still  sketchy  at  the  end  of  1 994,  but 
initial  operations  as  early  as  1998  were  an 
objective.  Meanwhile,  Singapore  Telecommuni¬ 
cations  was  examin-ing  the  possibility  of  operat¬ 


ing  its  own  spacecraft  for  television  broadcast¬ 
ing  and  telephone  services  by  1997-1998.  The 
spacecraft  would  likely  carry  C-band  and  Ku- 
band  transponders  for  its  principal  mission  (Ref¬ 
erences  372-373). 

4.1.25  South  Korea 

South  Korea’s  first  two  spacecraft  were 
based  on  the  UK’s  Surrey  Satellite  Technology 
Ltd.  (SSTL)  microsatellite  design.  Kitsat  1  (aka 
Uribyol  1,10  August  1992)  and  Kitsat  2  (aka 
Uribyol  2,  26  September  1993)  were  carried  as 
piggyback  passengers  on  Ariane  flights  to  LEO. 
Although  neither  of  the  spacecraft  were  true 
communications  satellites,  both  were  equipped 
with  a  modest  store-and-forward  messaging 
capability  (References  374-377). 


FIGURE  4.50  HISPASAT  1  SPACECRAFT. 
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The  long-range  goal  of  South  Korea  is  to 
develop  its  own  spacecraft.  A  step  in  this  direc¬ 
tion  was  taken  with  Kitsat  2,  which  was  assem¬ 
bled  in  South  Korea  from  UK  components.  The 
next  step  is  the  much  delayed,  dual-purpose 
Komsat.  Relying  heavily  on  a  TRW  spacecraft 
bus  and  engineering  expertise,  South  Korea  will 
assist  in  the  design  and  manufacture  of  Komsat 
which  will  perform  remote  sensing  as  well  as 
serve  as  a  communications  relay.  The  400-kg 
spacecraft  will  be  inserted  into  a  685-km,  sun- 
synchronous  orbit  in  1998  or  1999  (References 
378-382).  South  Korea  has  discussed  a  similar 
venture  with  the  PRC  (References  383-385). 

Unabie  to  construct  its  own  GEO  communi¬ 
cations  spacecraft.  South  Korea  contracted  with 
Lockheed-Martin  for  two  3000  series  sateiiites 
to  be  launched  in  1995.  The  Koreasat  (aka 
Mugunghwa)  spacecraft  will  have  a  mass  of 
about  830  kg  on  station  and  will  carry  15  Ku- 
band  transponders  of  which  three  wili  be  high 
power  (120  W).  Both  spacecraft  wiil  be  posi¬ 
tioned  at  116°  E  with  expected  design  lives  of 
10  years  (References  386-387). 

4.1 .26  Spain 

Spain’s  first  GEO  communications  satellite 
was  iaunched  by  Ariane  in  September,  1992,  as 
Hispasat  1A  (Figure  4.50)  and  positioned  at  30° 
W.  The  launch  of  a  sister  sateiiite,  Hispasat  IB, 
followed  10  months  later.  Based  on  the  Euro¬ 
star  spacecraft  bus  developed  by  British  Aero¬ 
space  and  Matra  Marconi,  Hispasat  is  designed 
to  support  civii,  miiitary,  and  government  com¬ 
munications  requirements  through  an  array  of 
muiti-frequency  transponders. 

With  an  on-orbit  mass  of  1.1  metric  tons, 
the  government-owned  Hispasat  1A  carries 
15  active  transponders:  three  X-band  with  one 
spare  and  1 2  Ku-band  (8  at  55  W,  4  at  1 1 0  W) 
with  six  spares.  The  Hispasat  bus  measures  T.7 
m  by  1 .9  m  by  2.1  m  with  a  solar  array  span  of 
22  m  and  an  initial  power  capacity  of  3.2  kW.  A 
problem  with  the  Spanish-manufactured  pri¬ 
mary  antenna  on  Hispasat  1A,  led  Matra  Mar¬ 
coni  to  procure  an  Aerospatiaie  antenna  for  His¬ 
pasat  IB.  The  spacecraft  design  life  is  ten 
years.  From  its  position  over  the  Atiantic  Ocean, 
Hispasat  is  capable  of  servicing  not  oniy  Europe 
but  also  North  and  South  America  (References 
388-390). 

4.1.27  Sweden 

Originaliy  conceived  as  the  birth  of  a  Scan- 
danavian  telecommunications  network,  includ- 


FIGURE  4.51  TELE-X  SPACECRAFT. 


ing  Denmark,  Finland,  Iceland,  Norway,  and 
Sweden,  Tele-X  now  represents  a  national 
Swedish  asset  with  greatiy  reduced  objectives 
and  prospects.  Launched  on  2  April  1989  by 
Ariane,  the  Teie-X  spacecraft  (Figure  4.51)  is 
located  at  5°  E  with  tailored  coverage  primarily 
for  Finland,  Norway,  and  Sweden. 

Based  on  the  Aerospatiale  and  MBB  Space- 
bus  300,  Tele-X  has  an  on-orbit  mass  of  1.3 
metric  tons  and  a  design  iife  of  up  to  eight 
years.  The  3-axis  stabilized  vehicie  measures 
1 .7  m  by  2.4  m  by  2.4  m  with  a  soiar  array  span 
of  1 9  m  and  a  electrical  capacity  in  excess  of  3 
kW.  The  communications  payioad  consists  of 
four  Ku-band  transponders. 

In  December,  1 993,  Sweden  followed  Nor¬ 
way’s  lead  by  purchasing  the  UK’s  Marcopolo  1 , 
aka  BSB  R1,  spacecraft  (Norway  had  acquired 
Marcopoio  2  in  1992).  Rechristened  Sirius,  Mar¬ 
copolo  1  (Figure  4.52)  was  transferred  to  a  posi¬ 
tion  near  Tele-X  in  eariy  1994.  Sirius’  payload 
includes  six  Ku-band  transponders  and  should 
function  untii  the  end  of  the  decade;  Sirius  was 
launched  in  1989  with  a  10-year  iifetime  (Refer¬ 
ences  391-392). 

With  its  shorter  design  life,  Tele-X  is  likeiy 
to  fail  before  Sirius,  possibly  about  1997.  In 
anticipation  of  this  event,  Sweden  was  prepar¬ 
ing  in  late  1994  to  place  an  order  for  a  Sirius  2 
spacecraft  and  possibly  a  Sirius  3  vehicle  as 
well.  Although  not  definitized,  Sirius  2  wiil  prob¬ 
ably  carry  a  payload  with  several  times  the 
capacity  of  either  Tele-X  or  Sirius.  The  launch 
of  Sirius  2  is  tentatively  planned  for  1997  to 
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FIGURE  4.52  SIRIUS  SPACECRAFT, 
FORMERLY  BSB  (MARCOPOLO). 


avoid  a  service  disruption  when  Teie-X  reaches 
its  end  of  life  (Reference  393). 

4.1.28  Taiwan 

In  the  early  1990’s  Taiwan  adopted  a  long- 
range  plan  for  acquiring  technologies  related  to 
developing  and  operating  spacecraft.  The 
National  Space  Program  Office  was  subse¬ 
quently  established  to  oversee  a  15-year  pro¬ 
gram  which  envisioned  the  launch  of  three  LEO 
spacecraft  with  foreign  assistance.  The  multi¬ 
discipline  Rocsat  program  will  include  telecom¬ 
munications  payloads  on  at  least  the  first  two 
missions. 

Rocsat  1,  scheduled  for  launch  in  1998,  will 
be  built  by  TRW  and  will  carry  a  Ka-band  com¬ 
munications  relay  experiment.  The  communica¬ 
tions  payload  will  be  built  and  integrated  by  Tai¬ 
wan’s  Microelectronics  Technology.  The  400-kg 
spacecraft  will  be  placed  into  a  low  altitude,  low 
inclination  orbit  (-600  km,  35°)  by  a  U.S.  LLV 
booster.  Rocsat  2,  with  a  more  capable  commu¬ 
nications  payload  is  tentatively  scheduled  for 
launch  in  the  year  2000.  Integral  Systems,  Inc., 
of  the  US  will  provide  the  satellite  control  facility 
for  the  Rocsat  program  (References  394-398). 

4.1.29  Thailand 

Thailand  inaugurated  its  first  national  GEO 
communications  network  during  1993-1994  with 


the  launches  of  Thaicom  1  (18  December  1993) 
and  Thaicom  2  (8  October  1994)  by  Ariane 
boosters.  The  spacecraft,  based  on  Hughes 
HS-376L  series,  are  operated  by  the  Shina- 
watra  Satellite  Company  of  Bangkok  under  a 
lease  arrangement  with  the  Thai  government. 
Both  Thaicom  satellites  are  stationed  at  78.5°  E 
with  ten  C-band  and  two  Ku-band  transponders. 
The  630-kg  spacecraft  have  a  design  life  of  at 
least  13  years.  However,  in  late  1994  Thailand 
was  nearing  selection  of  a  foreign  vendor  to 
provide  a  Thaicom  3  satellite  with  up  to  24  C- 
band  and  14  Ku-band  transponders  for  launch 
as  early  as  1996  (References  399-403). 

4.1.30  Turkey 

Turkey  had  hoped  to  emulate  Thailand  by 
quickly  launching  two  GEO  communications 
satellites  to  form  an  “instant”  network.  Unfortu¬ 
nately,  Turksat  1A  was  lost  on  24  January  1994 
in  an  Ariane  accident.  Turksat  IB  fared  much 
better  after  its  launch  on  10  August  of  the  same 
year  and  was  successfully  positioned  at  42°  E. 
The  spacecraft  is  based  on  the  Aerospatiale 
Spacebus  2000  series  with  an  on-orbit  mass  of 
slightly  more  than  one  metric  ton.  The  commu¬ 
nications  payload  consists  of  16  Ku-band  tran¬ 
sponders  with  an  expected  operational  life  of  10 
years  or  more.  A  contract  for  Turksat  1C  to 
replace  Turksat  1A  was  signed  with  Aerospa¬ 
tiale  in  1994  for  a  launch  in  1996  (References 
404-406). 

4.1.31  Ukraine 

With  its  considerable  space  technology 
experience  and  expertise  gained  during  the 
USSR  years,  Ukraine  views  the  development  of 
a  multi-purpose  national  space  program  as  a 
logical  move  and  consistent  with  its  military  con¬ 
version  policies.  Early  on  the  National  Space 
Agency  of  Ukraine  set  telecommunications  and 
remote  sensing  as  its  initial  objectives.  While 
Ukraine  already  possessed  considerable  expe¬ 
rience  in  the  latter,  e.g.,  via  the  USSR  Okean 
program,  communications  satellites  had  previ¬ 
ously  been  a  primarily  Russian  endeavor. 

An  early  concept  by  the  Ukrainian-Russian 
company  Ariadne  envisioned  establishing  a 
LEO  constellation  of  small  communications  sat¬ 
ellites  which  could  be  launched  by  Ukraine’s 
Tsykion  booster.  Later,  government  emphasis 
switched  to  a  GEO  communications  system 
which  might  rely  on  foreign  assistance  to 
develop  the  spacecraft  and  which  could  be 
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launched  by  the  Zenit-3  currently  under  devel¬ 
opment.  As  late  as  December,  1993,  the 
National  Space  Agency  hoped  to  launch  two 
“television  and  communications”  spacecraft 
manufactured  by  the  Yuzhnoye  design  bureau 
by  the  year  2000.  The  1 .2-metric-ton  spacecraft 
would  be  able  to  service  Ku-band  needs.  How¬ 
ever,  by  early  1994,  Ukraine  had  reached  an 
agreement  with  Matra  Marconi  (after  more  than 
a  year  of  discussions)  to  provide  a  communica¬ 
tions  spacecraft  to  Ukraine  for  launch  in  1997 
under  the  Lebid  program.  Ukraine  has  also 
applied  to  the  ITU  for  a  GEO  position  of  64.5°  E 
to  support  X-band  communications  (References 
407-414). 

4.1 .32  United  Kingdom 

The  United  Kingdom  was  the  third  entity  to 
operate  a  telecommunications  satellite  in  GEO, 
after  the  United  States  and  INTELSAT.  Its  Sky- 
net  military  communications  network  has  been 
operational  since  1 974  following  abortive  starts 
in  1969  and  1970.  A  civilian  direct  broadcasting 
system,  known  as  Marcopolo  or  BSB,  debuted 
in  1 989,  but  those  assets  have  recently  been 
sold  to  Norway  and  Sweden.  The  University  of 
Surrey  has  earned  an  international  reputation 
for  low  cost,  high  quality  microsatellites,  which 
have  been  used  by  several  countries  for  modest 
communications  tasks. 

The  first  attempt  of  the  UK  to  establish  an 
independent  and  secure  space-based  commu¬ 
nications  systems  faltered  in  1969-1970  when 
Skynet  1A  failed  prematurely  and  Skynet  IB 
was  lost  in  a  launch  malfunction.  Whereas  the 
Skynet  1  spacecraft  were  American-made,  the 
Skynet  2  series  which  appeared  in  1974  were 
designed  and  manufactured  by  the  British  firm 
of  Marconi  Space  and  Defense  Systems  with 
assistance  from  Philco-Ford.  Skynet  2A  was 
also  lost  in  an  unsuccessful  launch  attempt  in 
January,  1974.  However,  the  spin-stabilized, 
240-kg  Skynet  2B  was  orbited  in  November, 
1974,  and  provided  regular  service  for  more 
than  1 8  years.  The  spacecraft  was  still  function¬ 
ing  as  it  neared  its  20th  anniversary  in  space 
(References  415-416). 

Although  the  follow-on  Skynet  3  system 
never  materialized,  the  current  Skynet  4  series 
of  spacecraft  was  successfully  deployed  during 
1988-1990.  Built  under  the  direction  of  British 
Aerospace  and  derived  from  its  earlier  OTS  and 
ECS  satellites,  Skynet  4  satellites  are  3-axis 


stabilized  with  an  initial  on-orbit  mass  of  slightly 
less  than  800  kg.  The  spacecraft  bus  dimen¬ 
sions  are  1 .4m  by  1 .9  m  by  2.1  m  with  a  1 .2  kW 
solar  array  span  of  16  m  (Figure  4.53).  The 
communications  payload  includes  three  X-band 
transponders  and  two  UHF  transponders. 

The  current  Skynet  4  constellation  consists 
of  three  spacecraft:  Skynet  4A  (launched  1  Jan¬ 
uary  1990)  located  near  326°  E,  Skynet  4B 
(launched  1 1  December  1 988)  located  near  53° 
E,  and  Skynet  4C  (launched  30  August  1 990) 
located  near  1°  W.  Skynets  4B  and  4C  were 
launched  by  Ariane,  whereas  Skynet  4A  was 
launched  by  the  U.S.  Titan  3.  With  design  life¬ 
times  of  only  seven  years,  two  more  Skynet 
spacecraft  are  scheduled  for  launch  later  in  this 
decade:  4D  and  4E  in  1997-1998.  A  variant  of 
the  Skynet  4  spacecraft  has  also  been  flown 
under  the  NATO  4  series.  A  pan-European  mili¬ 
tary  communications  system,  perhaps  as  Sky¬ 
net  5,  is  under  consideration  for  launch  soon 
after  the  turn  of  the  century  (References  41 7- 
419). 

Since  1981  the  University  of  Surrey  and 
later  Surrey  Satellite  Technology  Limited 
(SSTL)  have  been  successfully  deploying  50- 
kg-class  microsatellites  for  LEO  store/dump 
communications,  primarily  for  use  by  the  ama¬ 
teur  radio  community.  Designated  UoSAT,  the 
first  of  these  satellites  was  launched  as  a  piggy¬ 
back  with  the  U.S.  Solar  Mesopheric  Explorer  in 
October,  1981.  UoSAT  2  accompanied  the  U.S. 
Landsat  5,  while  UoSAT  3  and  4  hitched  a  ride 
on  the  SPOT  2  mission.  UoSAT  5  was  launched 
along  with  ESA’s  ERS-1  on  17  July  1991  and 
was  a  repeat  of  the  UoSAT  4  vehicle  which  had 
malfunctioned  almost  immediately  after  launch. 

The  French  S80/T  and  the  South  Korean 
Kitsat  1  were  also  Surrey  products  launched  in 
1992.  The  following  year  PoSAT  1  and  Health- 
sat  2  joined  the  list  of  Surrey-produced  satel¬ 
lites,  while  Kitsat  2  was  constructed  with  Surrey 
components.  Two  more  Surrey  satellite  plat¬ 
forms  are  expected  to  fly  in  1995:  France’s 
CERISE  and  Chile’s  FASat  Alpha. 

The  standard  SSTL  modular  spacecraft  bus 
has  a  mass  of  50  kg  (including  a  7-10  kg  pay- 
load)  and  dimensions  of  33  cm  by  33  cm  by  60 
cm.  Silicon  or  gallium  arsenide  solar  cells  gen¬ 
erate  30  W  at  beginning  of  life  with  8-10  W  aver¬ 
age  for  the  payload  in  a  LEO  polar  orbit.  Atti¬ 
tude  system  pointing  accuracy  is  less  than  five 
degrees  (References  420-422). 
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FIGURE  4.53  SKYNET  4  SPACECRAFT. 


4.2  NAVIGATION  AND  GEODESY 

One  of  the  first  practical  applications  of  arti¬ 
ficial  satellites  was  to  aid  in  terrestrial  naviga¬ 
tion.  Although  only  the  US  and  Russia  operate 
navigation  satellite  systems,  these  networks  are 
available  to  users  everywhere  on  land,  at  sea, 
or  in  the  air.  Increased  accuracies,  nearly 
instantaneous  information,  and  the  develop¬ 
ment  of  International  standards  have  prompted 
an  explosive  growth  in  the  use  of  satellite  navi¬ 
gation  aids.  The  PRC  has  acknowledged  Its 
intent  to  enter  this  field  during  the  1990’s,  while 
INMARSAT  will  add  navigation  to  its  current 
communications  services  with  the  introduction 
of  the  INMARSAT  3  generation  spacecraft 
beginning  in  1996. 

Although  even  the  earliest  satellites  pro¬ 
vided  new,  valuable  data  on  the  nature  and 
shape  of  the  Earth,  dedicated  geodetic  satel¬ 
lites  now  support  specific  civil,  scientific,  and 
military  requirements.  Russian,  French,  Italian, 
and  Japanese  geodetic  spacecraft  are  already 
in  Earth  orbit,  while  numerous  other  satellites 
carry  laser  reflectors,  which  can  be  used  for 
geodetic  studies,  as  a  matter  of  course. 

4.2.1  European  Space  Agency 

Although  the  ESA  Navsat  concept  dates 
back  to  the  1980’s,  the  proposed  project  has 
received  relatively  little  attention  and  even  less 
financial  support.  The  preliminary  Navsat  sys¬ 
tem  called  for  18  satellites:  12  in  highly  elliptical 
orbits  and  6  in  geostationary  orbits  (Reference 
423).  By  mid-1993  ESA  was  examining  plans 


FIGURE  4.54  TYPICAL  SSTL 
MICROSATELLITE  (HEALTHSAT-2). 


for  a  Global  Navigation  Satellite  System 
(GNSS)  for  the  express  purpose  of  avoiding 
European  dependency  on  the  US  GPS  and  the 
Russian  GLONASS  networks.  However, 
behind  the  scenes  activities  were  aimed  at  find¬ 
ing  an  acceptable  sponsor  and  operator  other 
than  ESA,  perhaps  the  European  Commission 
or  INMARSAT.  Formal  Phase  A/B  studies  were 
postponed  until  1995  or  later. 

4.2.2  France 

To  date  France  has  not  deployed  a  satellite 
navigation  network,  and  plans  to  establish  the 
Locstar  system  of  two  geostationary  satellites 
for  position-determination  services  were  aban¬ 
doned  in  July,  1991 ,  when  sufficient  funds  could 
not  be  raised  (References  424).  The  system 
would  have  combined  navigation  aids  with  a 
data  and  message  service  but  would  have  been 
limited  to  a  restricted  operational  region 
between  Europe  and  North  Africa. 

France  is  one  of  the  four  founding  nations  of 
the  COSPAS-SARSAT  search  and  rescue  sys¬ 
tem  (Section  4.2.8)  and  operates  a  LUT  (Local 
User  Terminal)  at  Toulouse.  However,  no 
COSPAS-SARSAT  transponders  are  currently 
carried  aboard  French  spacecraft.  Since  1988 
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the  CNES  subsidiary  CLS  (Collecte  Localisation 
Satellites)  in  conjunction  with  NASA  and  NOAA 
has  operated  a  satellite-based  location  system 
under  the  Argos  World  Service  network.  Argos 
transponders  attached  to  NOAA  spacecraft  can 
provide  users  equipped  with  a  Platform  Trans¬ 
mitter  Terminal  (PTT)  position  information  accu¬ 
rate  to  about  350  m. 

The  French  Starlette  satellite  (6  February 
1975)  was  the  first  of  a  series  of  international 
geodetic  satellites  based  on  relatively  simple 
spherical  platforms  embedded  with  laser  reflec¬ 
tors  and  was  followed  by  Lageos  (US-1976), 
EGS  (Japan-1986),  Etalon  (USSR-1989),  and 
LAGEOS  2  (Italy-1992).  The  47-kg  Starlette  is 
26  cm  in  diameter,  circles  the  Earth  in  an  orbit 
of  800  km  by  1,100  km  at  an  inclination  of  49.8°, 
and  carries  60  laser  reflectors  evenly  distributed 
about  its  surface.  On  26  September  1993  Star¬ 
lette  was  joined  by  the  French  Stella  satellite  of 
similar  design.  Stella  accompanied  the  SPOT  3 
satellite  into  a  795  km  by  805  km,  98.7°-inclina- 
tion  orbit  where  it  will  enable  geodetic  measure¬ 
ments  to  be  expanded  into  the  polar  regions. 
The  Stella  program  is  being  managed  by  CNES 
and  ONERA  (Office  National  d’Etudes  et  de 
Recherches  Aerospatiales). 

During  1966-1975  France  launched  five 
other  satellites  with  dedicated  or  auxiliary  geo¬ 
detic  missions.  Diapason  (1966)  was  an  active, 

19- kg  satellite  with  149.70  and  399.92  MHz 
transmitters  to  permit  geodetic  measurements 
based  on  doppler  techniques  and  is  no  longer 
operational.  Diademe  1  and  Diademe  2  were 
launched  one  week  apart  in  February,  1967, 
into  elliptical  orbits  (currently,  550  km  by  1,100 
km  and  600  km  by  1 ,700  km,  respectively)  at  an 
inclination  of  40°.  In  addition  to  dual-frequency 
transmitters  like  Diapason,  the  22.6  kg  Diademe 
spacecraft  were  also  covered  with  numerous 
laser  reflectors.  Two  other  spacecraft  also  car¬ 
ried  laser  reflectors,  Peole  (1 970)  and  Castor 
(1975),  but  both  have  since  decayed. 

4.2.3  Germany 

In  May,  1994,  the  German  firm  GeoFors- 
chungsZentrum  (GFZ)  Potsdam  signed  a  con¬ 
tract  with  Kayser-Threde  GmbH  “for  the  design, 
^construction  and  launch  of  a  small  Earth-Sci¬ 
ence  Research  Satellite”  (Reference  425).  The 

20- kg,  20-cm-diameter  satellite,  called  GFZ-1 , 
will  be  delivered  to  the  Mir  space  station  in  1995 
by  a  Progress-M  spacecraft  and  later  released 
at  an  altitude  of  about  400  km.  During  its  natu¬ 


ral  decay,  the  passive,  spherical  satellite 
equipped  with  multiple  laser  reflectors  will  be 
used  for  a  variety  of  geodetic  studies.  Russian 
engineers  will  be  responsible  for  the  construc¬ 
tion  of  the  satellite,  including  the  laser  reflec¬ 
tors.  Laser  ranging  systems  in  Germany  and 
Cuba  will  comprise  the  principal  data  collection 
network.  GFZ-1  is  expected  to  remain  in  Earth 
orbit  for  up  to  five  years. 

4.2.4  INMARSAT 

The  INMARSAT  organization  has  decided 
to  extend  its  telecommunications  services  to 
navigational  aids  with  the  launch  of  its  INMAR¬ 
SAT  3  series  spacecraft,  beginning  in  1995. 
The  objective  is  to  increase  the  accuracy  of  the 
American  GPS  and  the  Russian  GLONASS  sys¬ 
tems  by  “relaying  ionospheric  calibration  and 
differential  corrections  to  the  GPS  and  GLO¬ 
NASS  signals:  providing  additional  ranging  sig¬ 
nals  to  increase  GPS  availability  worldwide; 
relaying  ground-derived  GPS  and  GLONASS 
integrity  information. . .”  (Reference  425).  Fea¬ 
sibility  tests  have  already  been  conducted  with 
operational  INMARSAT  2  spacecraft.  Opposi¬ 
tion  to  the  system  has  been  voiced  by  the  US 
Department  of  Defense  due  to  the  system’s 
potential  of  increasing  the  accuracy  of  GPS  sig¬ 
nals  via  differential  corrections  below  the  100-m 
level  set  for  civil  use  (References  426-427). 

INMARSAT  is  also  considering  more  direct 
methods  of  furnishing  precision  navigation  infor¬ 
mation  to  users  world-wide.  One  option  fore¬ 
sees  placing  navigation  packages  on  up  to  1 5 
GEO  spacecraft  as  secondary  payloads.  Each 
of  these  packages  would  transmit  GPS-class 
navigation  signals  to  form  an  independent  net¬ 
work.  Other  alternatives  include  placing  similar 
packages  on  INMARSAT’S  proposed  INMAR- 
SAT-P  spacecraft  in  orbits  near  10,000  km  alti¬ 
tude  or  establishing  an  autonomous  navigation 
system  with  dedicated  spacecraft,  possibly 
deployed  in  both  intermediate  and  geosynchro¬ 
nous  orbits  (Reference  426). 

4.2.5  Italy 

Italy’s  first  and  only  geodetic  satellite  was 
launched  in  1992  with  the  aid  of  the  US- 
LAGEOS  2,  built  by  Aeritalia  Space  Systems 
Group,  is  a  twin  to  the  US’  LAGEOS  satellite 
launched  in  May,  1976,  with  a  mass  of  405  kg,  a 
diameter  of  60  cm,  and  a  total  of  426  laser 
reflectors.  Deployed  from  the  US  Space  Shuttle 
Columbia  (STS-52),  LAGEOS  2  was  boosted 
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into  an  orbit  of  approximately  5,615  km  by  5,950 
km  at  an  inclination  of  52.7°  by  an  Italian-made 
IRIS  upper  stage. 

The  orbital  altitude  is  almost  identical  to  that 
of  LAGEOS,  but  the  lower  inclination  of 
LAGEOS  2  compared  with  LAGEOS  (52.7°  ver¬ 
sus  109.9°)  will  permit  better  understanding  of 
the  Earth’s  gravitational  field  and  will  enhance 
observations  from  European  latitudes. 
Together,  the  two  satellites  will  provide  data 
capable  of  detecting  tectonic  movements  on  the 
order  of  2  cm  per  year  (References  428-430). 
The  launch  of  LAGEOS  2  was  delayed  several 
years  due  to  the  US  Challenger  accident. 

4.2.6  Japan 

The  success  of  the  US  and  French  geodetic 
satellites  launched  in  the  mid-1970’s  influenced 
Japan’s  national  space  agency,  NASDA,  to 
sponsor  a  similar,  yet  complementary,  geodetic 
satellite.  Under  the  auspices  of  the  Hydrogra¬ 
phy  Department  of  the  Maritime  Safety  Agency 
and  the  Geographical  Survey  Institute  of  the 
Ministry  of  Construction,  the  objectives  of  the 
Experimental  Geodetic  Satellite  (EGS,  also 
known  as  Ajisa)  are  to: 

“•  correct  the  geodetic  triangulation  nets  in  the 

country, 

•  determine  the  location  of  isolated  islands 

(improve  the  marine  geodetic  network)  and 

•  establish  Japan’s  geodetic  datum”  (Refer¬ 
ence  431). 

EGS  was  launched  12  August  1986  on  the 
inaugural  mission  of  the  H-l  launch  vehicle.  The 
685  kg  satellite  is  spherical  with  a  diameter  of 
2.15  m,  but,  unlike  other  geodetic  satellites  of 
its  class,  EGS  is  covered  with  both  laser  reflec¬ 
tor  assemblies  (120  with  1436  corner  cubes) 
and  solar  reflecting  mirrors  (318).  The  mean 
altitude  of  EGS  is  slightly  less  than  1,500  km 
with  an  orbital  inclination  of  50.0°  (Reference 
432). 

4.2.7  People’s  Republic  of  China 

Although  the  PRC  has  yet  to  establish  a 
navigation  satellite  network,  research  for  such  a 
system  has  been  underway  for  many  years,  and 
a  future  space-based  navigation  capability  is  an 
acknowledged  goal.  A  prototype  navigation  sat¬ 
ellite  was  built  by  the  early  1980’s  but  was 
never  launched.  In  appearance  the  spacecraft 
resembles  the  Shi  Jian  2  scientific  satellite 
launched  on  19  September  1987.  This  space¬ 
craft  bus  is  octagonal  with  a  diameter  of  1 .2  m 


and  a  height  of  1  m  with  a  mass  of  about  250 
kg,  including  the  payload.  The  navigation  sys¬ 
tem  was  possibly  of  the  US  Transit  and  Russian 
Tsikada  class  (References  433-434).  More 
recent  writings  have  indicated  a  desire  to 
deploy  navigation  satellites  by  the  end  of  the 
decade  (References  435-437).  A  hand-held 
receiver  compatible  with  US  GPS  satellites,  the 
VT  900,  has  already  been  developed  by  the 
Chinese  Carrier  Rocket  Technology  Institute 
(Reference  438). 

4.2.8  Russian  Federation 

Twelve  percent  of  Russia’s  orbital  missions 
during  1993-1994  were  devoted  to  the  fields  of 
navigation  and  geodesy,  bringing  to  more  than 
150  the  number  of  Soviet/Russian  navigation 
and  geodetic  spacecraft  placed  into  Earth  orbit 
since  1967.  By  the  end  of  1994,  the  Russian 
navigation  satellite  network  consisted  of  25 
principal  spacecraft  in  three  distinct  constella¬ 
tions  to  sen/ice  both  fixed  and  mobile  subscrib- 
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FIGURE  4.56  TSIKADA  SATELLITE  IN  ASSEMBLY. 


ers.  The  geodetic  network,  on  the  other  hand, 
includes  only  1  -2  active  spacecraft,  two  speciai- 
ized  laser  reflector  satellites,  and  a  larger  num¬ 
ber  of  host  spacecraft  carrying  small  laser 
reflectors. 

The  LEO  navigation  sateilites  are  launched 
one  at  a  time  by  Kosmos  boosters  from  the 
Plesetsk  Cosmodrome  into  orbits  of  approxi- 
mateiy  960  km  by  1,015  km  with  an  inclination 
of  83°.  Each  spacecraft  has  a  diameter  of  2  m,  a 
height  of  approximately  3  m  and  a  mass  of  800 
kg.  An  internally  pressurized  compartment 
housing  the  primary  payload  (approximately 
0.86  m  in  diameter,  0.55  m  in  height,  mass  of 
200  kg)  and  support  systems  is  surrounded  by 
soiar  ceils  affixed  to  a  cyiindrical  sheet.  Electri- 
cai  power  available  to  the  payload  is  limited  to 
about  200  W  average  daily  (References  439- 
440).  Attitude  controi  is  achieved  with  a  10-m 
gravity-gradient  boom  extending  from  the  top  of 
the  spacecraft,  while  payload  and  telemetry 
antennas  are  attached  to  the  bottom.  Earth-fac¬ 
ing  end  (Figures  4.55  and  4.56). 


Navigation  information  is  derived  from  Dop- 
pier-shifted  VHF  transmissions  (approxi-mateiy 
150  and  400  MHz)  of  sateliite  position  and 
orbital  data  (References  441  -442).  By  acquiring 
fixes  from  several  satellites,  a  user’s  iocation 
can  be  calcuiated  with  an  accuracy  of  100  m 
(Reference  443).  The  time  needed  to  ascertain 
one’s  position  is  dependent  upon  the  user’s  lati¬ 
tude  and  the  number  of  operational  spacecraft 
in  orbit.  Normally,  ten  first-generation  Russian 
sateliites  are  transmitting  navigationai  signals, 
permitting  accurate  location  determination 
within  1-2  hours. 

These  ten  spacecraft  are  deployed  in  two 
complementary  constellations.  The  older  con¬ 
stellation  (first  launch  in  1974  with  Kosmos  700) 
consists  of  six  satellites  distributed  in  orbitai 
planes  spaced  30°  apart.  This  network  with 
Parus  sateiiites  (aka  Tsikada-M)  is  never  expiic- 
itiy  referred  to  by  Russian  officials  and  is  prima¬ 
rily  dedicated  to  the  support  of  military  forces.  A 
virtually  identical  civilian  navigation  network, 
calied  Tsikada,  began  deployments  in  1976  with 
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Kosmos  883  and  employs  four  orbital  planes 
separated  by  45°.  Moreover,  the  Tsikada  orbital 
planes  are  carefully  offset  from  the  military  sat¬ 
ellites  to  maximize  consolidated  system  effec¬ 
tiveness,  i.e.,  minimize  the  mean  time  between 
satellite  sightings.  The  Tsikada  system  is  wideiy 
used  by  the  Russian  merchant  marine  which  is 
equipped  with  Shkhuna  receiving  equipment 
which  automatically  computes  the  vessel’s  posi¬ 
tion.  Originally,  designed  and  manufactured  by 
the  Appiied  Mechanics  NPO  in  Krasnoyarsk, 
both  type  of  navigation  sateliites  are  now  largely 
produced  by  the  Polet  PO  in  Omsk,  where  an 
annual  production  rate  of  ten  spacecraft  has 
been  achieved.  The  navigational  payloads  were 
developed,  in  part,  by  the  Institute  of  Space 
Device  Engineering.  By  the  end  of  1994  more 
than  130  first  generation  satellites  had  been 
launched  —  an  average  of  five  per  year  since 


1967. 

Despite  their  obvious  similarities,  Parus  mii- 
itary  navigation  sateliites  are  repiaced  at  a 
much  faster  rate  -  about  twice  as  often  -  than 
their  Tsikada  civiiian  cousins.  During  1993-1994 
two-thirds  of  the  Parus  network  was  replen¬ 
ished.  Kosmos  2233  (9  February  1993) 
replaced  Kosmos  2142  after  22  months  in 
space,  and  Kosmos  2239  (1  April  1 993)  relieved 
Kosmos  2173  which  had  been  on  duty  only  16 
months.  Later  in  the  year  according  to  Kettering 
Group  observations,  Kosmos  2195  faiied  after  a 
iittie  more  than  a  year  and  was  removed  from 
the  network.  Its  predecessor,  Kosmos  2135, 
was  then  reactivated  in  early  August  while  a 
replacement  satellite  was  prepared.  Finaiiy,  on 
2  November  Kosmos  2266  was  launched  to 
assume  the  No.  1  Parus  position.  The  oniy 
Parus  satellite  launched  in  1994  was  Kosmos 
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2279  on  26  April  to  replace  the  26-month-old 
Kosmos  2180. 

In  the  Tsikada  system,  two  of  the  four  active 
satellites  were  replaced.  Surprisingly,  Kosmos 
2230  was  launched  on  14  January  into  the 
same  orbital  plane  as  Kosmos  2181,  which  had 
been  the  youngest  Tsikada  spacecraft  with  only 
10  months  in  orbit.  The  next  launch  did  not 
come  for  18  months  when  Nadezhda  4  replaced 
the  4-year-old  Nadezhda  2.  The  Nadezhda 
(Hope)  name  is  now  used  whenever  a  Tsikada 
satellite  carries  a  special  transponder  for  use  by 
the  international  COSPAS-SARSAT  system  for 
search  and  rescue  of  airmen  and  seamen  in 
distress. 

Established  in  principle  by  the  USSR,  US, 
Canada,  and  France  in  1979,  COSPAS-SAR¬ 
SAT  is  designed  to  relay  distress  signals  from 
the  site  of  aircraft  and  ship  accidents  or  other 
emergency  situations  to  special  Local  User  Ter¬ 
minals  (LUTs)  which  in  turn  notify  the  appropri¬ 
ate  search  and  rescue  teams  (Figure  4.57). 
Distress  signals  are  transmitted  on  either  121.5 
MHz  (15  km  location  accuracy)  or  406  MHz  (2 
km  location  accuracy)  and  rebroadcast  on 

1544.5  MHz  to  LUTs.  Over  600,000  beacons 
are  deployed  worldwide,  saving  more  than 
4,500  lives  since  the  system  began  operations 
via  Kosmos  1383  in  September,  1982.  The 
number  of  deployed  beacons  could  double  by 
the  end  of  1995  (References  444-445). 

The  Ukrainian  Musson  Corporation  of  Sev¬ 
astopol  has  been  the  primary  supplier  of 
COSPAS  distress  beacons  for  the  Russian  Fed¬ 
eration.  The  ARB  (Emergency  Locator  Beacon) 
-121  system  employs  the  2.2  kg  Poisk-B  emer¬ 
gency  locator  beacon  and  the  1.8  kg  Poisk-R 
emergency  distress  signal  transmitters  for  the 
COSPAS  lower  band,  while  the  more  popular 

4.5  kg  ARB-406  emits  the  higher  frequency  dis¬ 
tress  signal  every  50  seconds  for  up  to  48  hours 
with  a  power  of  5  W  (Reference  131).  Veteran 
cosmonaut  G.  S.  Titov  is  now  President  of  a 
new  Russian  firm  called  Kosmoflot  which  will 
also  manufacture  navigational  equipment  and 
COSPAS  beacons.  The  primary  Russian  LUTs 
are  located  at  Arkhangelsk,  Moscow,  Novosi¬ 
birsk,  and  Vladivostok.  The  Russian  Federation 
has  also  proposed  the  creation  of  a  rocket- 
borne  rescue  system  called  VITA  which  would 
employ  converted  SS-18  or  SS-19  ICBM’s  to 
send  rescue  equipment  to  the  site  of  an  acci¬ 
dent  identified  by  the  COSPAS-SARSAT  sys¬ 
tem  (Section  2.9). 


Whereas  the  Soviet  low  altitude  navigation 
systems  were  patterned  after  the  American 
Transit  network,  a  Soviet  counterpart  to  the  US 
Global  Positioning  System  first  appeared  in 
1982,  four  years  after  the  launch  of  the  first 
Navstar  GPS  satellite.  The  now  Russian  Military 
Space  Forces’  Global  Navigation  Satellite  Sys¬ 
tem  (GLONASS)  is  designed  to  provide  instan¬ 
taneous,  high  precision  location  and  speed 
information  to  users  throughout  most  of  the 
world.  Deployed  in  nearly  circular  orbits  at  an 
altitude  of  19,100  km  by  Proton  boosters,  each 
GLONASS  satellite  emits  navigational  signals  in 
a  38°  degree  cone  near  1250  MHz  (L2).  GLO¬ 
NASS  positional  accuracies  (95%  confidence) 
are  claimed  to  be  100  m  on  the  surface  of  the 
Earth,  150  m  in  altitude,  and  15  cm/s  in  velocity. 

Like  Tsikada,  GLONASS  spacecraft  were 
developed  under  the  leadership  of  the  Applied 
Mechanics  NPO  with  the  assistance  of  the  Insti¬ 
tute  for  Space  Device  Engineering.  A  third 
party,  the  Russian  Institute  of  Radionavigation 
and  Time,  has  been  responsible  for  time  syn¬ 
chronization  and  related  equipment.  Also  fol¬ 
lowing  the  Tsikada  precedent,  serial  production 
for  GLONASS  satellites  has  been  accomplished 
primarily  by  the  Polet  PO.  Conceived  and  pro¬ 
moted  in  the  early  1970’s  by  the  former  Soviet 
Ministry  of  Defense,  and  in  particular  by  the 
Soviet  Navy,  GLONASS  is  now  the  centerpiece 
of  the  CIS’  Intergovernmental  Radionavigation 
Program,  which  has  close  ties  with  the  Interna¬ 
tional  Civil  Aviation  Organization  (ICAO)  and 
the  International  Maritime  Organization  (IMO) 
(References  446-458). 

By  Presidential  decree  on  24  September 
1993,  just  before  the  11th  anniversary  of  the 
maiden  GLONASS  mission,  the  GLONASS  pro¬ 
gram  was  officially  placed  under  the  auspices  of 
the  Russian  VKS.  This  organization  is  responsi¬ 
ble  not  only  for  the  deployment  and  on-orbit 
maintenance  of  GLONASS  spacecraft  (the  lat¬ 
ter  through  the  Golitsino-2  Satellite  Control 
Center)  but  also,  through  its  Scientific  Informa¬ 
tion  Center,  for  certification  of  GLONASS  user 
equipment. 

Since  the  program  began  deployments  in 
1982,  four  models  of  GLONASS  spacecraft 
have  been  flown.  Ten  Block  I  satellites  were 
launched  during  1982-1985  with  design  life¬ 
times  of  only  one  year  (average  actual  lifetime 
of  14  months).  Six  Block  lla  satellites  followed 
in  1985-1986  with  new  time  and  frequency  stan¬ 
dards  and  increased  frequency  stability.  The 
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Block  I  la  spacecraft  also  demonstrated  a  20% 
increase  in  operational  lifetime. 

Block  Mb  spacecraft  with  2-year  design  life¬ 
times  appeared  in  1987,  and  a  total  of  12  were 
launched,  but  half  were  lost  in  launch  vehicle 
accidents.  The  remaining  spacecraft  worked 
well,  operating  for  an  average  of  nearly  22 
months  each.  The  current  GLONASS  model. 
Block  llv,  has  been  in  use  since  1988  with  12  of 
the  34  satellites  launched  during  1993-1994. 
One  Block  llv  spacecraft,  which  are  expected  to 
operate  for  at  least  three  years,  worked  for  50 
months  before  being  placed  in  a  standby  status. 

The  3-axis-stabilized  GLONASS  spacecraft 
(Figure  4.58)  now  possess  a  mass  of  about 
1,400  kg,  a  slight  increase  over  the  1,250-kg 
original  model.  The  diameter  and  height  of  the 
satellite  bus  are  approximately  2.4  m  and  3.7  m, 
respectively,  with  a  solar  array  span  of  7.2  m  for 
an  electrical  power  generation  capability  of  1 .6 
kW  at  beginning  of  life.  The  aft  payload  struc¬ 
ture  houses  12  primary  antennas  for  L-band 
transmissions.  Laser  corner-cube  reflectors  are 
also  carried  to  aid  in  precise  orbit  determination 
and  geodetic  research.  GLONASS  spacecraft 
are  equipped  with  a  modest  propulsion  system 
to  permit  relocation  within  the  constellation  and 
to  maintain  interplane  phasings. 

The  Phase  I  GLONASS  system  was  com¬ 
pleted  in  1991  with  seven  active  satellites  in 
each  of  two  orbital  planes  separated  by  120°. 
(The  official  Phase  I  goal  was  six  satellites  in 
each  of  two  planes.)  Within  each  plane  the 
spacecraft  are  spaced  45°  apart  with  a  15° 
phase  shift  between  planes.  The  Phase  II 
requirement  for  seven  active  and  one  spare  sat¬ 
ellite  in  each  of  three  orbital  planes  separated 
by  120°  is  scheduled  to  be  met  by  1995. 

The  two  principal  GLONASS  receivers  are 
the  SNS-85  for  airborne  platforms  and  the 
Shkiper  for  naval  vessels.  The  former  unit  has  a 
mass  of  only  13.5  kg  and  dimensions  of  201  x 
259  X  364  mm,  while  the  latter  is  somewhat 
larger  at  21.5  kg  and  263  x  425  x  426  mm. 
However,  the  Shkiper  provides  a  more  accurate 
velocity  determination:  15  cm/s  compared  to  50 
cm/s  for  the  SNS-85.  The  similarity  of  the  GLO¬ 
NASS  and  GPS  frequencies  and  techniques 
permits  the  creation  of  single,  dual-use  receiv¬ 
ers  when  the  slightly  different  geodetic  (e.g., 
SGS-85  versus  WGS-84,  respectively)  and  time 
reference  frames  are  taken  into  account.  Such 
a  dual-use  receiver  has  been  developed  by  the 
Institute  of  Space  Device  Engineering.  Several 


concepts  have  been  proposed  for  integrating 
the  GLONASS  and  GPS  networks,  particularly 
for  international  civil  aviation  (References  459- 
469). 

A  total  of  12  GLONASS  spacecraft  were 
added  to  the  network  during  1993-1994  with 
four  launches  of  three  vehicles  each:  Kosmos 
2234-2236  In  1993  and  Kosmos  2275-2277, 
2287-2289,  and  2294-2296  In  1994.  The  Kos¬ 
mos  2287-2288  mission  was  particularly  note¬ 
worthy  with  its  inauguration  of  the  GLONASS 
Plane  2.  By  the  end  of  1994,  15  GLONASS 
spacecraft  remained  operational  (Figure  4.59), 
although  Kosmos  2111  in  Plane  1  was  in  a  non- 
nominal  position  due  to  a  propulsion  system 
failure  early  in  life.  During  October,  1993,  Kos¬ 
mos  2206  transferred  from  slot  20  to  slot  21 
which  was  then  occupied  by  Kosmos  2205 
which  had  been  moved  from  slot  18. 

While  GLONASS  is  scheduled  to  reach  full 
operational  capability  in  1995,  the  first  flight  of 
the  improved  GLONASS-M  Block  I  spacecraft  is 
anticipated  in  1995-1996.  Under  development 
since  1990,  the  1,480  kg  satellite  will  feature 
better  frequency  and  timing  accuracies  as  well 
as  an  extended  operational  life  of  5-7  years. 
Further  in  the  future,  perhaps  after  the  turn  of 
the  century,  a  2,000-kg-class  GLONASS-M 
Block  II  may  be  available  with  intersatellite  com¬ 
munications  and  monitoring  and  capable  of 
autonomous  operations  for  as  long  as  60  days 
(References  470-472). 

Within  a  few  years  of  the  debut  of  GLO¬ 
NASS  satellites,  the  world  scientific  community, 
in  particular  radio  astronomers,  discovered  a 
harmful  side-effect  of  the  system.  The  heart  of 
the  GLONASS  LI  band  coincides  with  the  weak 
natural  emissions  of  extra-solar  hydroxyl  mole¬ 
cules.  Consequently,  some  spacecraft  trans¬ 
missions  were  interfering  with  radio  astronomy 


FIGURE  4.58  GLONASS  SATELLITE. 
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surveys.  As  the  number  of  operational  GLO¬ 
NASS  spacecraft  increased,  the  problem 
became  severe  and  was  further  accentuated  by 
the  fact  that  the  high  altitude  satellites  remain 
above  the  horizon  for  extended  periods.  How¬ 
ever,  having  been  made  aware  of  the  problem, 
the  GLONASS  program  is  incorporating  mea¬ 
sures  to  minimize  the  interferences  (References 
473-476). 

Dedicated  geodetic  satellites  have  been  in 
use  by  the  USSR/CIS  since  1968  (Kosmos 
203).  Extremely  precise  knowledge  of  the  topo¬ 
graphy  and  gravitational  field  of  the  Earth  is  of 
great  importance  to  the  civilian  as  well  as  to  the 
military  community.  However,  only  since  1989 
have  specific  details  of  the  Russian  programs 
been  made  available.  Today,  two  different  satel¬ 
lite  networks,  one  low  altitude  and  one  high  alti¬ 
tude,  are  available  for  geodetic  studies. 

The  current  LEO  geodetic  system,  known 
as  GEO-IK,  is  a  second  generation  design 
which  debuted  in  1981  and  has  averaged  one 
new  launch  each  year  of  the  Musson  class  sat¬ 
ellites.  With  normally  one  or  two  satellites  oper¬ 
ational,  the  GEO-IK  network  can  assist  the  user 
in 

“•  creating  of  regional  geodetic  nets,  includ¬ 
ing: 

islands  geodetic  fixation 

basis  for  topographic  survey  of  large 

building  objects 


geodetic  basis  for  working  onto  shelf  of 
the  World  Ocean 

•  working  by  request  of  coordinate  fixation  of 
the  points  in  required  coordinate  system 

•  working  to  research  the  topography  of  the 
World  Ocean”  (Reference  447). 

GEO-IK  satellites  are  deployed  in  nearly  cir¬ 
cular  orbits  with  a  mean  altitude  of  1 ,500  km  at 
inclinations  of  73.6°  or  82.6°.  (Since  1 986  only 
the  former  inclination  has  been  utilized.)  Each 
spacecraft  is  launched  by  the  Tsyklon-3  booster 
from  the  Plesetsk  Cosmodrome.  The  Applied 
Mechanics  NPO  of  Krasnoyarsk  is  the  principal 
designer  and  manufacturer  of  the  1,500-kg 
GEO-IK.  The  satellite  bus  is  similar  in  appear¬ 
ance  to  thfe  Tsikada  navigation  satellites,  i.e., 
primarily  a  rfght  cylinder  with  a  gravity-gradient 
stabilization  system  at  the  top  and  payload 
antennas,  etc.,  attached  to  the  bottom  (Figure 
4.60).  However,  eight  panels  extend  like  petals 
from  the  bottom  of  the  spacecraft  to  provide 
additional  electrical  power  in  conjunction  with 
nickel-hydrogen  storage  cells.  Also  like 
Tsikada,  payload  and  support  systems  are  pri¬ 
marily  contained  within  a  pressurized,  tempera¬ 
ture-controlled  container  located  inside  the 
cylindrical,  solar-cell  array. 

Geodetic  analyses  can  be  performed  with 
any  one  of  five  payioad  systems.  A  9.4  GHz 
radar  provides  altitude  determination  above  the 
sea  surface  with  an  accuracy  of  3-5  m.  A  two- 
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frequency  (150  MHz  and  400  MHz)  doppler  sys¬ 
tem  (1-3  cm/s  accuracy)  operates  up  to  12 
hours  per  day,  and  a  5.7/3.4  GHz  transponder 
is  also  available  on  demand  to  provide  ranging 
data  to  within  3-5  m.  Laser  corner  reflectors 
with  a  total  area  of  0.024  m^  are  installed  on  the 
spacecraft  permitting  range  determinations  to 
within  1.5  m.  Finally,  a  light  signaling  system 
producing  a  series  of  nine  high  intensity  (800- 
1200  J)  flashes  at  a  rate  of  1/3  Hz  can  be  used 
in  conjunction  with  ground-based  observatories 
to  determine  the  satellite’s  position  against  the 
star  background  to  within  1 .5  arc  seconds.  The 
light  signaling  system  can  be  activated  up  to  55 
times  per  day  (References  477-482). 

Normally,  GEO-IK  geodetic  measure¬ 
ments  are  performed  five  days  per  week,  per¬ 
mitting  two  days  of  mission  planning  and  satel¬ 
lite  position  forecast  preparation.  Typical  space¬ 
craft  lifetimes  are  only  1-2  years.  The  principal 
civilian  processor  of  and  clearinghouse  for  geo¬ 
detic  data  is  now  the  Russian  Ministry  of  Ecol¬ 
ogy  and  National  Resources  (which  absorbed 
the  former  Soviet  Main  Administration  for  Geod¬ 
esy  and  Cartography),  working  in  conjunction 
with  the  Russian  Academy  of  Sciences,  in  par¬ 
ticular  the  Institute  of  Terrestrial  Magnetism, 
Ionosphere,  and  Radiowave  Propagation  (IZMI- 
RAN). 

The  14th  Musson  satellite  was  launched  on 
29  November  1994  (the  first  was  lost  in  a 
launch  failure  on  23  January  1981)  and  was  the 
first  to  be  officially  designated  GEO-IK  rather 
than  Kosmos.  GEO-IK  1  was  inserted  into  a 
73.6°  orbit  like  the  three  previous  spacecraft  of 
this  series.  Moreover,  the  newcomer’s  orbital 
plane  was  approximately  60°  to  the  east  of  its 
immediate  predecessor,  also  a  pattern  followed 
since  1989.  As  noted  in  Section  4.1.22,  GEO-IK 
1  carried  as  an  auxiliary  package  the  Elekon 
communica-tions  test  transponder. 

In  contrast  to  GEO-IK,  the  Russian  Etalon 
satellites  reside  in  high  altitude  (19,100  km) 
orbits  and  are  completely  passive  in  nature. 
Each  1,415-kg  satellite  is  a  1.294  m  diameter 
sphere  covered  with  306  antenna  arrays  which 
in  turn  each  contain  14  corner  cubes  for  laser 
interrogation  and  reflecting  (Figure  4.61).  A 
small  number  of  reflectors  are  made  of  germa¬ 
nium  for  “future  infrared  interferometric  mea¬ 
surements”  (Reference  483).  To  date  only  two 
Etalon  satellites  have  been  orbited,  Kosmos 
1989  (10  January  1989)  and  Kosmos  2024  (31 


May  1989),  and  each  accompanied  a  pair  of 
GLONASS  satellites  on  Proton  launch  vehicles. 

The  higher  altitude  of  the  Etalon  satellites, 
when  compared  to  similar  laser-reflecting  geo¬ 
detic  satellites  of  other  nations,  was  selected  to 
enhance  several  specific  goals:  “(1)  the  devel¬ 
opment  of  a  high-accuracy  global  reference 
coordinate  system  and  determination  of  the 
Earth’s  rotation  parameters,  (2)  determination 
of  lengths  of  long  baselines,  (3)  improvement  of 
the  Earth’s  gravitational  field  parameters,  and 
(4)  improvement  of  the  selenocentric  gravita¬ 
tional  constant”  (Reference  483).  The  effect  of 
non-gravitational  forces  on  the  orbits  of  the  Eta¬ 
lon  satellites  was  reported  in  late  1990  and  fur¬ 
ther  studies,  including  the  effects  of  the  Sun 
and  the  planets,  were  released  in  late  1993 
(References  484-486). 

4.3  EARTH  OBSERVATION  AND 
REMOTE  SENSING 

Although  unmanned  observations  of  the 
Earth  from  artificial  satellites  have  been  con¬ 
ducted  for  more  than  three  decades,  the  grow¬ 
ing  international  concern  about  the  global  envi¬ 
ronment  has  led  to  a  renewed  emphasis  on  the 
monitoring  of  the  planet’s  land  masses  and 
oceans  as  well  as  the  atmosphere.  Moreover, 
recent  satellite  systems  and  those  now  in  devel- 
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opment  possess  a  much  wider  variety  of  more 
sophisticated  instruments.  Whereas  national 
Earth  observation  programs  have  historically 
concentrated  on  atmospheric  and  meteorologi¬ 
cal  data  collection,  today  both  passive  and 
active  techniques  are  employed  to  keep  watch 
over  virtually  all  aspects  of  the  environment.  An 
unprecedented  degree  of  international  coopera¬ 
tion  and  standardization,  particularly  in  data 
transmission,  permits  a  free  exchange  of  infor¬ 
mation  and  at  times  even  asset  sharing.  A  total 
of  18  dedicated  Earth  observation  spacecraft 
were  launched  during  1993-1994  under  the 
sponsorship  of  seven  Eurasian  nations  or  orga¬ 
nizations. 

4.3.1  European  Space  Agency 

With  its  emphasis  on  commercial  and  scien¬ 
tific  space  activities,  ESA  has  historically  not 
devoted  major  resources  to  satellite  applica¬ 
tions  programs.  The  principal  exceptions  to  this 
rule  have  been  the  geostationary  Meteosat 
(since  1977)  and  the  sun-synchronous  Euro¬ 
pean  Remote  Sensing  (ERS,  since  1991)  satel¬ 
lite  programs.  In  part  due  to  the  impressive  suc¬ 
cesses  of  these  programs,  ESA  at  its  1991  and 
1992  ministerial  meetings  elevated  the  organi¬ 
zation’s  commitment  to  Earth  observation  net¬ 
works.  Consequently,  both  current  systems  will 
be  upgraded  or  superseded  in  the  second  half 
of  this  decade  with  yet  more  capable  space¬ 
craft. 

In  conjunction  with  the  Global  Atmospheric 
Research  Program  (GARP),  ESA  developed 


FIGURE  4.61  ETALON  SATELLITE. 


and  maintains  geostationary  meteorological  sat¬ 
ellites  of  the  Meteosat  series.  Three  pre-opera- 
tional  spacecraft  were  launched  in  1977, 1981, 
and  1988,  respectively,  before  the  Meteosat 
Operational  Program  (MOP)  was  initiated  with 
the  orbiting  of  Meteosat  4  in  1989.  Although 
ESA  originated  and  continues  to  control  the 
Meteosat  network,  the  16-member  European 
Organization  for  Meteorological  Satellites 
(EUMETSAT),  created  during  1981-1986,  is 
now  responsible  for  the  system.  Beginning  with 
Meteosat  4,  EUMETSAT  is  the  legal  owner  of 
the  series  satellites. 

Meteosat  satellites  closely  resemble  their 
American  and  Japanese  counterparts.  Each 
spacecraft  has  a  mass  of  about  320  kg  on  sta¬ 
tion  in  the  form  of  a  2.1-m-wide,  3-m-tall,  spin- 
stabilized  (100  rpm)  stepped  cylinder  (Figure 
4.62).  Solar  cells  cover  the  majority  of  the 
spacecraft  surface  providing  a  minimum  of  200 
W  of  electrical  power.  The  satellite  design  life  is 
three  years  with  consumable  supplies  for  at 
least  five  years.  The  prime  contractor  for  Meteo¬ 
sat  is  the  French  firm  Aerospatiale  with  major 
subcontractors  DASA,  Matra  Marconi,  and  Ale- 
nia  Spazio. 

The  primary  Meteosat  payload  is  a  40-cm 
diameter,  3-band,  imaging  radiometer  sensitive 
to  visible  light  (0.5-0.9  pm),  IR  (10.5-12.5  jim), 
and  water  vapor  (5.7-7.1  pm).  Resolution  for  the 
visible  band  is  2.5  km,  while  that  for  the  other 
two  bands  is  5  km.  A  single  image  requires  a 
scan  time  of  25  minutes  with  a  limit  of  48 
images  per  day.  Meteosat  also  carries  a  66- 
channel  capacity  data  collection  service  pack¬ 
age  to  receive  local  environmental  information. 
Data  collection  platform  reports  from  4,000  sites 
are  forwarded  by  Meteosat  to  the  primary  con¬ 
trol  center  at  Odenwald,  near  Darmstadt,  Ger¬ 
many,  for  further  distribution  (References  487- 
492). 

In  early  1993,  the  operational  Meteosat 
constellation  consisted  of  three  spacecraft: 
Meteosat  3  (aka  Meteosat  P2)  near  75°  W, 
Meteosat  4  (aka  MOP  1)  near  0°  E,  and  Meteo¬ 
sat  5  (aka  MOP  2)  near  4°  W.  Meteosat  3  had 
just  arrived  at  its  far  Western  Hemisphere  loca¬ 
tion  in  February  to  assist  the  US  which  was 
experiencing  difficulties  with  its  own  GOES 
(Geostationary  Operational  Environmental  Sat¬ 
ellite)  system  and  remained  there  through  the 
end  of  1994  (References  491  and  493). 

Meteosat  4,  despite  some  imaging  difficul¬ 
ties  encountered  early  in  life  (launched  in  June, 
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1989),  was  serving  as  the  Meteosat  prime 
spacecraft  since  its  pianned  repiacement, 
Meteosat  5,  was  having  more  serious  imaging 
problems  of  its  own.  The  launch  of  Meteosat  6 
(aka  MOP  3)  on  20  November  1993  by  Ariane 
was  to  help  remedy  the  situation  by  replacing 
Meteosat  4  and  allowing  Meteosat  5  to  relieve 
Meteosat  3.  However,  Meteosat  6’s  IR  radiome¬ 
ter  experienced  malfunctions  from  the  outset. 
The  decision  was  then  made  to  move  Meteosat 
5  into  the  prime  location  at  0°  E  in  February, 
1994,  and  place  Meteosat  4  in  standby  at  8°  W. 
Meanwhile,  Meteosat  6  was  left  at  10°  W  to  per¬ 
mit  the  development  of  corrective  measures  for 
the  radiometer  problem  (References  494-499). 

The  next  Meteosat,  scheduled  for  launch  in 
mid-1996,  will  support  the  Meteosat  Transition 
Program  (MTP),  which  encompasses  major  pro¬ 
grammatic  as  well  as  technical  changes.  At  the 
end  of  1995,  EUMETSAT  will  take  full  responsi¬ 
bility  of  the  MOP  and  MTP  spacecraft  from 
ESA.  At  the  same  time,  development  of  the 
Meteosat  Second  Generation  (MSG)  is  under¬ 
way  with  an  anticipated  maiden  launch  about 
the  year  2000.  ESA  will  supervise  the  produc¬ 
tion  of  the  first  MSG  vehicle  and  then  turn  the 
entire  program  over  to  EUMETSAT.  Each  MSG 
spacecraft  will  have  increased  wavelength  fidel¬ 
ity  (up  to  12  bands),  better  resolution  (as  low  as 
1  km),  more  rapid  imaging  (15  min  per  full 
scan),  and  greater  spacecraft  longevity  (at  least 
twice  that  of  MOP  satellites).  Phase  B  activities 
for  MSG,  which  will  look  very  similar  to  MOP  but 
be  twice  as  large,  got  underway  in  1994  with 
joint  funding  from  ESA  and  EUTMETSAT  (Ref¬ 
erence  499). 


FIGURE  4.62  METEOSAT  SATELLITE. 


ESA’s  low  altitude  Earth  observation  sys¬ 
tem  debuted  in  1991  with  the  launch  of  ERS-1. 
The  culmination  of  a  10-year  development 
project  led  by  Germany,  ERS-1  hosts  a  suite  of 
precision  instruments  tailored  for  a  comprehen¬ 
sive  environmental  moni-toring  program  with 
objectives  including: 

“•  a  much  more  accurate  representation  of  the 
interactions  between  ocean  and  atmo¬ 
sphere  in  climatic  models, 

•  a  major  advance  in  our  knowledge  of  ocean 
circulation,  its  variability  and  the  associated 
energy  transfers, 

•  better  monitoring  of  polar  regions,  in  partic¬ 
ular  the  Arctic  and  Antarctic  ice  sheets  and 
sea-ice-covered  areas, 

•  a  more  comprehensive  understanding  of 
coastal  processes  and  surface  pollution, 
including  erosion,  sedimentation,  coastal 
currents,  estuarine  fronts  and  circulation, 

•  the  regular  monitoring  of  land-surface  pro¬ 
cesses  on  a  global  scale,  and  in  particular 
the  vegetation  cover, 

•  the  monitoring  of  changing  land-use  pat¬ 
terns, 

•  offering  a  unique  all-weather  sensing  capa¬ 
bility  for  disaster  observation  and  assess¬ 
ment,  and 

•  enhancing  the  data  available  for  operational 
meteorology,  in  particular  observation  of 
winds  near  the  sea  surface,  sea-state,  sea- 
surface  temperature  measurements,  cloud 
fields,  atmospheric  water  content,  and  sea- 
ice  distribution”  (Reference  500). 

The  2,384-kg  ERS-1  satellite  employs  a 
spacecraft  bus  derived  from  the  French  SPOT 
satellite,  measuring  1.8  m  by  1.9  m  by  3.1  m 
(Figure  4.63).  The  two  primary  appendages  are 
a  solar  array  with  two  2.4  m  by  5.8  m  segments 
providing  more  than  2  kW  of  electrical  power 
and  a  combination  radar  antenna  for  the  Active 
Microwave  Instrument.  Placed  into  a  sun-syn¬ 
chronous  orbit  near  780  km  with  an  inclination 
of  98.5°,  ERS-1  carried  300  kg  of  hydrazine  for 
a  mission  expected  to  last  three  years.  The 
spacecraft’s  orbit  is  maintained  with  a  very  high 
degree  of  accuracy,  resulting  in  a  35-day 
groundtrack  pattern  which  is  controlled  within  ± 

1  km  (References  501-502). 

The  five  principal  scientific  instruments 
include: 

(1)  Active  Microwave  Instrument  (AMI)  con¬ 
sisting  of  a  side-locking  synthetic  aper¬ 
ture  radar  and  a  scatterometer,  both 
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operating  at  3.5  GHz.  The  former 
returns  high  resolution  photographs 
with  a  100  km  ground  swath  in  the 
image  mode  or  5  km  by  5  km  snapshots 
in  the  wave  mode.  With  the  use  of 
three  antennas  with  45°  separation 
angles,  the  scatterometer  sweeps  a  500 
km  swath  to  provide  surface  wind  mea¬ 
surements; 

(2)  Radar  Altimeter  (RA)  with  separate 
“ocean”  and  “ice”  modes  operating  at 
13.8  GHz; 

(3)  Along-Track  Scanning  Radiometer 
(ATSR)  and  Microwave  Sounder  (MS) 
consisting  of  an  infrared  Radiometer 
and  a  Microwave  Radiometer  to  mea¬ 
sure  the  giobai  sea-surface  temperature 
and  the  atmospheric  integrated  water 
content,  respectiveiy.  The  Infrared 
Radiometer  operates  at  the  1 .6,  3.7, 1 1 , 
and  12  pm  bands,  whiie  the  Microwave 
Radiometer  is  tuned  to  23.8  and  36.5 
GHz; 

(4)  Laser  Retro-Refiector  (LRR)  assembly 
of  corner  cubes  mounted  on  the  side  of 
the  spacecraft  bus  is  used  as  a  target 
by  ground-based  laser  ranging  stations; 

(5)  Precise  Range  and  Range-rate  Equip¬ 
ment  (PRARE)  utiiizes  2.2  GHz  and  8.5 
GHz  transmissions  for  ionospheric  cor¬ 
rections  and  orbit  determination, 
respectively. 

Despite  some  early  data  distribution  difficul¬ 
ties,  ERS-1  has  performed  remarkably  well, 
returning  nearly  800,000  radar  images  in  its  first 
three  years  of  operation  alone.  The  AMI  images 
of  ocean  areas  have  been  of  higher  quaiity  than 
expected,  and  the  uses  of  ERS-1  data  -  from  oil 
spill  detection  to  salmon  tracking  -  continue  to 
increase.  The  most  serious  technical  setbacks 
of  the  mission  were  the  faiiures  of  PRARE  less 
than  a  month  after  launch  and  one  channel  of 
the  ATSR.  However,  the  greatest  threat  to  ERS- 
1  has  been  continued  wrangling  over  its  annuai 
operating  budget.  A  potential  1 994  shut-down 
was  averted,  and  the  program  was  eventually 
extended  to  permit  simuitaneous  operations 
with  ERS-2,  scheduied  for  launch  in  1995  (Ref¬ 
erences  503-516). 

ERS-2  (Figure  4.64)  will  resemble  its  prede¬ 
cessor  but  will  be  equipped  with  a  broader  array 
of  instruments  and  more  modern  support  sys¬ 
tems.  The  2,51 6-kg  spacecraft  will  retain  the  1 
m-by-10  m  SAR  antenna  and  its  2.4  m-by-11.7 
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m  solar  array.  In  addition  to  reflights  of  ali  the 
basic  ERS-1  payloads,  ERS-2  will  carry  the 
Global  Ozone  Monitoring  Experiment  (GOME) 
with  an  absorption  spectrometer  to  measure  the 
presence  of  ozone,  trace  gases,  and  aerosols  in 
the  stratosphere  and  troposphere  and  an  Instru¬ 
ment  Data  Handling  and  Transmission  (IDHT) 
device  with  two  6.5  GBit  tape  recorders  (Refer¬ 
ences  506  and  517). 

The  November,  1992,  ESA  ministeriai 
meeting  (Reference  518)  reaffirmed  the  organi¬ 
zation’s  intention  to  foiiow  the  ERS  program 
with  the  ambitious  Polar-Orbiting  Earth  Obser¬ 
vation  Mission  (POEM),  which  was  separated 
into  two  distinct  projects:  Envisat-1  and  Metop- 
1 .  The  former,  based  on  an  8-metric-ton  Poiar 
Platform  bus,  will  be  launched  in  1998-1999  into 
an  800-km  aititude,  sun-synchronous  orbit  to 
understand  and  to  monitor  better  the  Earth’s 
environment  and  to  continue  the  SAR  surveys 
of  the  ERS  spacecraft.  France  and  the  UK  wili 
each  fund  about  one-fourth  of  the  Envisat  mis¬ 
sion  with  other  ESA  members  pooiing 
resources  for  the  remaining  haif. 

With  a  spacecraft  bus  measuring  2.75  m  in 
diameter  and  11m  iong,  Envisat-1  wili  carry  a 
useful  payload  of  about  2,000  kg,  including  five 
ESA-funded  instruments:  an  advanced  syn¬ 
thetic  aperture  radar,  an  advanced  radar  aitime- 
ter,  a  medium  resoiution  imaging  spectrometer, 
a  Michelson  interferometer  for  passive  atmo¬ 
spheric  sounding,  and  a  giobai  ozone  monitor 
(Figure  4.65).  National  sensors  expected  to  be 
carried  by  Envisat-2  inciude  a  French  radiome- 
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ter  (SCARAB),  a  German  imaging  spectrometer 
(SCIAMACHY),  and  a  British- Australian  radiom¬ 
eter  (AATSR).  A  microwave  sounder,  similar  to 
the  ones  developed  for  ERS,  will  also  be 
installed.  The  spacecraft’s  orbit  will  be  essen¬ 
tially  the  same  as  used  in  the  ERS  program, 
and  the  6.6  kW  electrical  system  will  provide 
nearly  2  kW  to  the  instrument  suite  (References 
499,519-526). 

The  second  component  of  the  POEM  pro¬ 
gram,  Metop-1,  wiil  be  iaunched  in  the  year 
2000  and  will  provide  ESA  and  EUMETSAT 
with  their  first  low  altitude,  polar  meteorological 
satellite.  The  Metop  design  completed  Phase  A 
definition  in  1 994  and  was  to  rely  on  the  basic 
Polar  Platform  bus  being  developed  for  Envisat- 
1.  However,  a  substantially  smaller  Metop-1, 
perhaps  in  the  2,500-kg  class,  is  now  likely.  The 
Phase  B  contract  award  was  anticipated  in  the 
first  haif  of  1995.  While  payload  definition  for 
Metop-1  is  still  underway,  the  instrument  suite 
will  contain  a  large  variety  of  visible,  IR,  and 
microwave  radiometers,  ozone  monitors,  and 
probably  an  advanced  wind  scatterometer.  A 
plan  to  merge  Metop  operations  with  US  NOAA 


FiGURE  4.64  ERS-2  SATELLITE. 


FIGURE  4.65  ENVISAT  POLAR  PLATFORM. 


spacecraft  encountered  new  obstacles  in  late 
1994  when  the  US  considered  integrating  the 
civilian  NOAA  and  military  DMSP  programs. 
European  officials  were  concerned  about  US 
Department  of  Defense  control  over  Metop-1 
and  hoped  to  resolve  the  difficulties  during  1995 
(References  499,  527-532). 

4.3.2  France 

Since  1 986  France  has  operated  the  highly 
regarded  SPOT  (Satellite  Pour  I’Observation  de 
la  Terre)  high  resolution  imaging  satellite  sys¬ 
tem.  Developed  and  funded  by  ONES,  SPOT  is 
managed  on  a  commercial  basis  by  SPOT 
Image  with  multi-national  shareholders,  which 
hope  to  be  free  of  all  government  subsidies  by 
the  late  1990’s  (Reference  533).  Experience 
gained  by  the  French  through  the  SPOT  pro¬ 
gram  is  being  applied  to  a  series  of  space 
endeavors  including  ESA’s  Polar  Platform  and 
French  national  security  satellites. 

SPOT  satellites  orbit  the  Earth  at  an  altitude 
near  825  km  and  an  inclination  of  98.7°  to  pro¬ 
duce  a  26-day  repeating  groundtrack  pattern 
with  sun-synchronous  conditions.  SPOT  3 
joined  SPOT  1  (February,  1986)  and  SPOT  2 
(January,  1 990)  after  its  launch  on  26  Septem¬ 
ber  1993.  All  three  spacecraft  are  in  essentially 
co-planar  orbits. 
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Each  successive  SPOT  spacecraft  has 
been  approximately  40  kg  heavier  than  its  pre¬ 
decessor,  culminating  in  SPOT  3’s  1,907  kg 
launch  mass.  The  spacecraft  bus  is  2  m  by  2  m 
by  3.5  m  with  a  hydrazine-controlled  3-axis  sta¬ 
bilization  system  (Figure  4.66).  A  15.6-m-long 
solar  array  produces  nearly  1 .4  kW  of  electrical 
power  at  start  of  life. 

The  heart  of  SPOT  is  a  pair  of  high  resolu¬ 
tion  visible  CCD  scanners  with  both  multi-spec¬ 
tral  (0.50-0.59  pm,  0.61-0.68  pm,  and  0.79- 
0.89  pm)  and  panchromatic  (0.51  -0.73  pm)  fea¬ 
tures.  The  former  mode  returns  images  with  a 
ground  resolution  of  20  m,  while  the  latter  is 
capable  of  10  m  resolution.  The  swath  of  each 
scanner  is  60  km,  but  the  pair  can  be  operated 
simultaneously  to  produce  a  1 17  km  swath  with 
a  small  (3  km)  overlap  region.  Off-nadir  viewing 
is  also  possible  with  the  aid  of  a  tilting  mirror 
extending  the  swath  to  80  km  for  each  scanner 
at  an  angle  of  27°  from  nadir.  Images  can  be 
transmitted  in  realtime  directly  to  a  world-wide 
network  of  ground  stations  or  may  be  stored  on 
board  the  spacecraft  for  later  downlinking  via 
two  Odetics  tape  recorders,  which  were 
improved  for  SPOT  3.  SPOT  3  also  carried  the 
US  Polar  Ozone  and  Aerosol  Measurement 
(POAM)  experiment  (References  534-539). 

Developed  by  a  team  led  by  Matra  Marconi 
and  Aerospatiale,  SPOT  1  was  initially  retired  at 
the  end  of  1990,  nearly  two  years  past  its 
design  life  of  three  years.  However,  the  space¬ 
craft  was  recalled  to  service  during  March-Octo- 
ber,  1992,  and  April-July,  1993,  to  help  meet 
imaging  demands  during  the  principal  Northern 
Hemisphere  growing  season,  although  both  its 
tape  recorders  had  failed.  The  vehicle  was 
placed  in  standby  mode  again  after  SPOT  3 
was  declared  operational.  SPOT  2,  also  with 
limited  tape  recording  capability,  serves  as  the 
prime  backup  to  SPOT  3  as  new  uses  of  the 
SPOT  system  continue  to  be  found  (References 
540-547). 

Whereas  the  2,500  kg  SPOT  4,  scheduled 
for  launch  in  1 997,  will  possess  several  signifi¬ 
cant  improvements  over  its  predecessors  (in 
particular,  greater  power  availability,  longer  life, 
and  additional  mid-IR  band  of  1.58-1.75  pm), 
SPOT  5  (-2000)  and  SPOT  6  (-2005)  will  rep¬ 
resent  the  second  generation  SPOT  spacecraft. 
The  imaging  instruments  will  be  modified  to  per¬ 
mit  5-m  resolution  or  better  in  each  of  two 
bands  (panchromatic  and  near-IR)  while  the 
multi-spectral  capability  will  be  improved  to  10- 
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m  resolution.  The  mass  of  the  spacecraft  will 
likely  be  at  least  1 ,000  kg  more  than  SPOT  4. 
Greater  use  of  stereo  imaging  will  also  be  possi¬ 
ble  (References  527,  548-555). 

Studies  are  also  underway  for  a  SPOT  vari¬ 
ant  hosting  a  synthetic  aperture  radar  not  unlike 
ERS  (Reference  556).  Another  French  proposal 
named  BEST  would  carry  even  more  sophisti¬ 
cated  radar  and  lidar  sensors  for  environmental 
studies  (Reference  557).  Meanwhile,  French 
Earth  observations  are  operational  on  the  multi¬ 
national  Topex/Poseidon  (DORIS  [Doppler  Orb¬ 
itography  and  Radio-positioning  Integrated  Sat¬ 
ellite]  and  radar  altimeter)  and  UARS  (Wind 
Imaging  Interferometer).  In  1994  the  French 
SCARAB  radiometer  was  flown  on  a  Russian 
Meteor  3  spacecraft,  in  1 995  the  French  Alissa 
lidar  will  be  on  board  the  Russian  Priroda  mod¬ 
ule  for  the  Mir  space  station,  and  in  1996  the 
French  POLDER  instrument  will  be  carried  by 
the  Japanese  ADEOS  spacecraft  (Section 
4.3.7). 

4.3.3  Germany 

Earth  observation  pursuits  by  Germany 
have  to  date  been  restricted  to  the  development 
of  domestic  remote  sensing  instruments  for 
flight  opportunities  on  foreign  spacecraft,  most 
notably  those  of  ESA  and  the  US.  During  1 989- 
1991  studies  were  undertaken  for  the  design  of 
a  dedicated  German  satellite,  Atmos,  which 
would  have  concentrated  investigations  on  the 
Earth’s  atmosphere.  From  a  775-km,  sun-syn¬ 
chronous  orbit,  Atnfios  was  to  have  been 
launched  jn  the  mid-1990’s  with  four  major 
Earth  observation  systems:  the  Advanced  Milli¬ 
meter  Wave  Atmospheric  Sounder  (AMAS),  the 
Michelson  Interferometer  for  Passive  Sounding 
(MIPAS),  the  Scanning  Imaging  Absorption 
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Spectrometer  for  Atmospheric  Cartography 
(SCIAMACHY),  and  the  Reflective  Optics  imag¬ 
ing  Spectrometer  (ROSiS).  The  first  three 
devices  were  designed  to  analyze  atmospheric 
chemistry,  whereas  the  objective  of  ROSIS  was 
to  return  moderate  and  high  resolution,  multi- 
spectral  photographs  of  the  Earth’s  surface 
(Reference  558).  The  Atmos  program  has  been 
reoriented  to  provide  some  or  all  of  the  above 
mentioned  instruments  to  ESA’s  Envisat  satel¬ 
lite  (Section  4.3.1). 

In  addition  to  its  contributions  to  the  ESA 
ERS  (led  by  Germany  with  a  24%  contribution) 
and  the  ESA/EUMETSAT  Meteosat  programs, 
German  interest  in  Earth  observation  studies  is 
reflected  in  the  X-SAR  payload  to  be  flown  on 
several  US  Shuttle  missions  and,  to  a  lesser 
extent,  the  STS-Spacelab  D2  mission  of  April- 
May,  1 993.  The  X-SAR  (X-band  Synthetic  Aper¬ 
ture  Radar)  was  developed  jointly  by  Germany 
(Dornier)  and  Italy  (Alenia),  uses  a  3.3  kW  peak 
power  beam  to  scan  a  swath  of  1 5-45  km  with 
resolutions  as  low  as  10  m,  and  was  first  flown 
on  STS-59  in  April,  1 994  with  a  reflight  on  STS- 
68  in  September,  1994  (Reference  559). 


Spacelab  D2  (STS-55)  carried  Germany’s 
Modular  Optoelectronic  Multispectral  Stereo 
Scanner  (MOMS-02),  an  advancement  of  the 
MOMS-01  flown  on  STS-7  and  STS-11.  MOMS- 
02  Is  a  7-channel,  high  resolution  imaging  sys¬ 
tem  with  four  multispectral  channels  (0.449- 
0.511,  0.532-0.576,  0.645-0.677,  and  0.772- 
0.815  pm)  with  13.5  m  resolution  (Figure  4.67). 
The  1993  mission  was  highly  successful,  pro¬ 
ducing  over  1,300  scenes.  MOMS-02  will  next 
be  flown  on  the  Russian  Priroda  module  to  be 
attached  to  the  Mir  space  station  as  early  as 
1995  (References  560-563). 

In  1993  Germany  had  hoped  also  to  orbit 
the  second  Monocular  Electro-Optical  Stereo 
Scanner  (MEOSS)  on  board  India’s  IRS-1  E 
spacecraft.  Unfortunately,  the  spacecraft  was 
lost  in  a  PSLV  launch  failure.  The  original 
MEOSS  was  lost  on  SROSS  2  when  its  ASLV 
booster  malfunctioned. 

4.3.4  India 

Earth  observations  have  played  a  promi¬ 
nent  role  in  the  majority  of  Indian  satellites 
launched  to  date.  Two  of  the  three  space 


198 


launches  attempted  by  India  during  1993-1994 
carried  Earth  observation  spacecraft  under  the 
Indian  Remote  Sensing  Satellite  (IRS)  program; 
IRS-1  E  in  1993  and  IRS-P2  in  1994.  This  fol¬ 
lowed  the  launch  of  three  Indian  remote  sensing 
spacecraft  (by  India,  the  USSR,  and  ESA)  dur¬ 
ing  the  previous  2-year  period.  The  scientific 
secretary  of  the  Indian  Space  Research  Organi¬ 
zation,  M.G.  Chandrasekhar,  is  aiso  the  Direc¬ 
tor  for  Earth  Observation  programs. 

Following  the  successfui  demonstration 
flights  of  Bhaskara  1  and  Bhaskara  2  launched 
in  1979  and  1981,  respectiveiy,  India  began 
deveiopment  of  an  indigenous  IRS  program  to 
support  the  national  economy  in  the  areas  of 
“agricuiture,  water  resources,  forestry  and  ecol¬ 
ogy,  geology,  water  sheds,  marine  fisheries  and 
coastai  management”  (Reference  564).  The  first 
two  IRS  spacecraft,  IRS-1  A  (March,  1988)  and 
IRS-1  B  (August,  1991)  were  launched  by  Rus¬ 
sian  Vostok  boosters  from  the  Baikonur  Cosmo¬ 
drome.  Both  vehicles  continued  to  operate  weil 
through  the  end  of  1994. 

From  their  22-day  repeating  orbits  of  905 
km  mean  aititude  and  99°  inclination,  the  two 
identicai  IRS  spacecraft  host  a  trio  of  Linear 


Imaging  Seif-Scanning  (LISS)  remote  sensing 
CCD  instruments  working  in  four  spectral 
bands:  0.45-0.52  pm,  0.52-0.59  pm,  0.62-0.68 
pm,  and  0.77-0.86  pm.  The  38.5-kg  LISS-I 
images  a  swath  of  148  km  with  a  resolution  of 
72.5  m  whiie  the  80.5-kg  LISS-IIA  and  LISS-IIB 
exhibit  a  narrower  fieid-of-view  (74-km  swath) 
but  are  aiigned  to  provide  a  composite  145-km 
swath  with  a  3-km  overiap  and  a  resoiution  of 
36.25  m. 

Each  IRS  spacecraft  is  975  kg  at  iaunch 
with  a  design  iife  of  2.5-3  years.  The  3-axis  sta- 
biiized  spacecraft  is  essentially  rectangular  (1.1 
m  by  1.5  m  by  1.6  m)  with  two  narrow  solar 
arrays  producing  iess  than  1  kW  eiectrical 
power  (Figure  4.68).  The  Spacecraft  Control 
Center  at  Bangalore  oversees  all  spacecraft 
operations,  but  the  principai  data  reception  sta¬ 
tion  for  the  remote  sensing  payioad  is  located  at 
Shadnagar.  Spacecraft  data  transmissions  are 
effected  via  X-band  and  S-band  antennas  at  the 
base  of  spacecraft. 

IRS-1  A  and  IRS-1  B  were  to  be  joined  in 
1993  with  IRS-1  E,  the  modified  IRS-1  A  engi¬ 
neering  modei,  which  had  been  equipped  with 
the  LISS-I  and  a  German  Monocular  Electro- 
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FIGURE  4.68  IRS  EARTH  OBSERVATION  SYSTEM. 
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Optical  Stereo  Scanner.  The  spacecraft  was 
lost,  however,  when  its  PSLV  launch  vehicle 
failed  to  reach  Earth  orbit  (Section  2.3).  Thir¬ 
teen  months  later,  in  October,  1994,  the  PSLV 
functioned  correctly,  allowing  IRS-P2  to  assume 
an  820-km,  sun-synchronous  orbit.  With  an 
870-kg  mass  (slightly  less  than  IRS-1A  and 
IRS-1  B),  IRS-P2  carried  the  LISS-II  system  with 
a  ground  resolution  of  32  m  across-track  and  37 
m  along-track.  The  total  swath  width  is  131  km, 
and  the  CCD  array  is  tuned  to  four  spectral 
bands  between  0.45  and  0.86  pm.  The  space¬ 
craft’s  solar  arrays  provide  up  to  500  W  and  are 
linked  to  conventional  nickel  cadmium  storage 
batteries  (References  565-570). 

India’s  ambitious  IRS  program  envisions 
three  more  spacecraft  (IRS-P3,  IRS-1  C,  and 
IRS-1  D)  in  orbit  by  the  end  of  1 996.  IRS-P3  is  to 
be  launched  by  PSLV  in  1995  with  a  German 
modular  electro-optical  scanner  and  an  Indian 
visible-IR  scanner.  IRS-1C  and  IRS-1D  will 
introduce  a  heavier  (1,350  kg),  more  capable 
Earth  observation  platform.  The  spacecraft  bus 
will  be  similar  to  those  of  IRS-1  A  and  IRS-1  B, 
but  a  slightly  larger  solar  array  will  generate 
more  than  800  W.  The  payload  suite  will  include 
the  4-band  (0.52-0.59,  0.62-0.68,  0.77-0.86, 
and  1.55-1.70  pm)  LISS-III  (resolution  down  to 
22  m),  and  8-m  resolution  panchromatic  (0.5- 
0.75  pm)  imager,  and  a  2-channel  (0.62-0.68 
and  0.77-0.86  pm)  wide-field  sensor  (190  m 
resolution).  IRS-1C  will  be  the  last  Russian 
launch  of  the  program  (Molnlya  rather  than  Vos- 
tok),  while  IRS-1  D  will  be  orbited  by  India’s 
PSLV  (References  568-569,  571-575). 

As  noted  in  the  section  on  communications 
satellites,  India’s  INSAT  series  of  geostationary 
spacecraft  perform  the  dual  missions  of  com¬ 
munications  and  meteorology.  INSAT  1 -class 
satellites  carry  a  Very  High  Resolution  Radiom¬ 
eter  (VHRR)  working  in  the  visible  (0.55-0.75 
pm)  and  IR  (10.5-12.5  pm)  bands  with  resolu¬ 
tions  of  2.75  km  and  1 1  km,  respectively.  Like 
many  GEO  meteorological  satellites,  INSAT  1 
spacecraft  require  30  minutes  to  complete  a  full 
Earth  scan.  Each  vehicle  is  also  capable  of 
receiving  (on  402.75  MHz)  meteorological, 
hydrological,  and  oceanographic  data  from 
remote  data  collection  platforms  for  relay  to 
central  Indian  processing  centers. 

The  INSAT  2  program  was  inaugurated  in 
1992  with  the  launch  of  INSAT  2A,  followed  by 
INSAT  2B  in  1993.  The  spacecraft  characteris¬ 


tics  and  communications  payload  are  described 
in  Section  4.1.7.  For  Earth  observations,  the 
VHRR  was  improved  with  2-km  resolution  in  the 
visible  band  and  8-km  resolution  in  the  IR  band. 
In  addition  to  full  Earth  images,  the  VHRR  can 
be  commanded  to  scan  very  limited  regions  for 
more  rapid  return  of  time-critical  data,  e.g.,  dur¬ 
ing  the  approach  of  cyclones  to  the  sub-conti¬ 
nent.  INSAT  2  satellites  also  carry  the  Data 
Relay  Transponder  system  for  collection  and 
retransmission  of  data  from  DCPs.  Three  addi¬ 
tional  INSAT  2  satellites  are  expected  to  main¬ 
tain  this  GEO  Earth  observation  capability  into 
the  next  century. 

4.3.5  Israel 

By  the  end  of  1994,  Israel’s  fledgling  space 
program  had  produced  only  two,  short  duration, 
LEO  satellites  of  a  primarily  engineering  nature. 
The  1994  launch  of  a  55-kg,  45-cm  cube  micro¬ 
satellite  named  Techsat  (aka  Gurwin)  was  post¬ 
poned  until  1995.  Originally  planned  for  launch 
into  a  sun-synchronous  orbit  as  a  piggy-back 
payload  during  an  Ariane  mission,  Techsat  was 
later  manifested  for  the  inaugural  launch  of  the 
5-stage  Russian  Start  booster.  Designed  and 
built  by  the  Israel  Space  Agency,  Haifa’s  Tech- 
nion  Institute,  and  others,  Techsat  was  outfitted 
with  a  simple  CCD  television  system  for  Earth 
observation  purposes.  The  planned  orbit  for 
Techsat  is  approximately  670  km  in  a  posi- 
grade,  near-polar  inclination. 

4.3.6  Italy 

Although  Italy’s  series  of  small  San  Marco 
satellites  (1964-1988)  included  some  upper 
atmospheric  studies.  Earth  observation  was  not 
a  principal  objective.  In  1987  development 
began  on  the  German-ltalian  X-SAR  project  to 
produce  an  X-band  synthetic  aperture  radar  for 
flight  on  the  US  Space  Shuttle.  The  first  two 
missions  were  flown  on  STS-59  (April,  1994) 
and  STS-68  (September,  1994).  X-SAR’s  10-m 
long,  0.4  m  wide  antenna  operated  at  a  fre¬ 
quency  of  9.6  GHz  with  a  resolution  as  small  as 
10m.  An  advanced  X-SAR  design  is  currently 
under  investigation  (References  558-559,  576- 
577). 

On  31  August  1993,  Italy’s  Temisat  micro¬ 
satellite  was  launched  along  with  the  Russian 
Meteor  2-21  spacecraft.  Although  essentially  a 
small  data  relay  satellite,  one  of  Temisat’s  pri¬ 
mary  missions  is  to  collect  environmental  data 
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FIGURE  4.69  GMS  SATELLITE. 


from  as  many  as  1,000  ground  sensors  and 
retransmit  the  information  to  central  data  pro¬ 
cessing  facilities. 

Aliena  Spazio,  the  primary  Italian  firm  which 
supported  X-SAR,  is  now  promoting  the  Con¬ 
stellation  for  Mediterranean  Observation 
(COSMO)  concept  of  seven  small  (550  kg)  sat¬ 
ellites  for  Earth  observation.  Four  of  the  space¬ 
craft  would  be  equipped  with  a  synthetic  aper¬ 
ture  radar,  while  the  other  three  vehicles  would 
carry  optical  sensors.  As  envisioned,  COSMO 
would  be  sponsored  by  Italy,  Greece,  and  Spain 
but  would  make  its  products  available  to  the 
general  European  community.  COSMO  follows 
the  earlier  Alenia  Spazio  designer  for  a  heavier, 
multi-frequency  platform  (References  578-580). 

4.3.7  Japan 

Japan  recently  has  operated  three  types  of 
Earth  observation  systems:  one  for  meteorol¬ 


ogy,  one  for  oceanography,  and  one  for  general 
remote  sensing.  Although  no  new  missions  in 
any  of  these  programs  were  conducted  in  1 993- 
1994,  two  of  the  networks  remained  active, 
while  the  third  was  degraded  by  the  end  of 

1994.  Japan  is  poised  to  enter  a  new  era  of 
advanced  Earth  observations  now  that  the  H-ll 
launch  vehicle  is  operational.  At  least  four  new 
types  of  spacecraft  are  scheduled  for  launch  by 
the  turn  of  the  century. 

Japan’s  Geostationary  Meteorological  Sat¬ 
ellite  (GMS)  system  was  originally  developed  by 
NASDA  relying  heavily  on  the  US  GOES  design 
and  is  now  jointly  run  by  NASDA  and  the  Japan 
Meteorological  Agency.  The  American  firm  of 
Hughes  is  the  prime  contractor,  working  for 
Japan’s  NEC  Corporation.  Four  GMS  space¬ 
craft  have  been  launched  since  1 977,  the  last  in 
September,  1989.  GMS-3  (August,  1984)  is 
available  for  backup  operations  at  120°  E,  while 
GMS-4  is  located  in  the  primary  position  at  140° 
E.  As  with  all  national  satellites,  GMS  space¬ 
craft  are  also  known  by  a  specific  Japanese 
name,  in  this  case,  Himawari,  meaning  “sun¬ 
flower.”  GMS-5,  the  final  satellite  in  the  series, 
is  scheduled  for  launch  by  the  H-ll  booster  in 

1995. 

GMS-4  is  a  spin-stabilized  (100  rpm)  space¬ 
craft  with  an  on-orbit  mass  of  approximately  325 
kg,  a  diameter  of  2.1  m  and  a  height  (after  apo¬ 
gee  kick  motor  separation)  of  3.4  m  (Figure 
4.69).  Solar  cells  applied  to  the  exterior  of  the 


FIGURE  4.70  MOS  1  SATELLITE. 
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spacecraft  bus  generate  up  to  300  W,  and  the 
overall  design  life  is  five  years.  Hydrazine 
thrusters  maintain  the  desired  geostationary 
position  and  counteract  perturbations  attempt¬ 
ing  to  alter  the  vehicle’s  inclination. 

The  major  Earth-oriented  instrument  is  the 
Visibie  and  Infrared  Spin  Scan  Radiometer 
(VISSR),  “used  to  obtain  visible  and  infrared 
spectrum  mappings  of  the  Earth  and  its  cioud 
cover  with  a  speciaiiy  designed  optical  tele¬ 
scope  and  detector  system”  (Reference  581). 
Visible  images  are  coilected  in  the  0.50-0.75  pm 
band  with  a  resoiution  of  1.25  km,  and  the  infra¬ 
red  signatures  are  taken  in  the  10.5-12.5  pm 
band  with  a  5.0-km  resoiution.  Thirty  minutes 
are  required  to  obtain  a  full  Earth  image  consist¬ 
ing  of  2,500  narrow  strips.  A  separate  payioad, 
called  the  Space  Environment  Monitor  (SEM), 
measures  the  fiux  of  soiar  protons,  alpha  parti¬ 
cles,  and  electrons. 

While  outwardly  almost  identical  to  GMS-4, 
GMS-5  will  host  a  more  sophisticated  VISSR 
with  one  visible  band  (0.55-0.9  pm)  and  three 
IR  bands  (10.5-1 1 .5  pm,  1 1 .5-12.5  pm,  and 
6. 5-7.0  pm).  The  relative  visibie  and  IR  resolu¬ 
tion  wili  remain  unchanged.  The  height  of  the 
spacecraft  will  increase  siightiy  to  3.5  m  as  wili 
the  on-orbit  mass  of  338  kg.  In  place  of  the 
SEM,  an  experimental  COSPAS-SARSAT  tran¬ 
sponder  will  be  carried  (Reference  582).  A  suc¬ 
cessor  to  the  GMS  series  is  expected  by  1999 
under  the  MTSAT  (Multi-functionai  Transport 
Satellite)  program.  Specifications  and  a  contract 
award  are  expected  to  be  released  in  1995. 

Space-based  oceanography  is  conducted  in 
Japan  by  two  Marine  Observation  Sateiiites 
(MOS)  placed  in  sun-synchronous  orbits  of 
approximately  910  km  with  an  inciination  of 
99.1°.  After  10  years  of  development  MOS  1 
(aka  Momo  1  or  “peach  tree”)  was  launched  in 
February,  1987,  and  was  foliowed  by  MOS  1b 
(Momo  1b)  in  February,  1990,  into  an  orbitai 
plane  only  a  few  degrees  away  from  MOS  1. 
The  program  objectives  include: 

“•  Development  of  observation  sensors;  verifi¬ 
cation  of  their  functions  and  performances, 
and  experimentai  observation  of  the  Earth 
(in  particuiar  the  oceans)  using  such  sen¬ 
sors; 

•  Basic  experiments  on  a  data  coilection  sys¬ 
tem  (DCS); 

•  Estabiishment  of  fundamentai  technoiogies 
for  Earth  observation  sateiiites”  (Reference 
583). 


Funded  and  managed  by  NASDA,  the  MOS 
program  selected  NEC  Corporation  as  the 
prime  contractor  with  significant  assistance  by 
Mitsubishi  Eiectric,  Toshiba,  and  Fujitsu.  Each 
740-kg,  3-axis-stabilized  spacecraft  (Figure 
4.70)  consists  of  a  box-shape  bus  (1 .3  m  by  1 .5 
m  by  2.4  m)  with  a  singie  solar  array  (2.0  m  by 
4.5  m).  The  selected  orbit  permits  a  repeating 
groundtrack  with  a  period  of  17  days. 

The  MOS  payioad  consists  of  four  primary 
ciasses  of  instruments.  Two  70-kg  Multi-spec- 
trai  Electronic  Self-Scanning  Radio-meters 
(MESSR)  return  images  in  four  bands  (0.51- 
0.59  pm,  0.61-0.69  pm,  0.72-0.80  pm,  and 
0.80-1.1  pm)  with  a  ground  resolution  of  50  m 
and  a  swath  of  100  km.  The  fields-of-view  of  the 
two  MESSR  sensors  are  siightiy  overlapped  (15 
km)  to  provide  stereo  viewing.  The  25-kg  Visible 
and  Thermal  Infrared  Radiometer  (VTIR)  oper¬ 
ates  in  one  visibie  and  three  IR  bands:  0.5-0. 7 
pm,  6-7  pm,  10.5-11.5  pm,  and  11.5-12.5  pm 
with  ground  resoiutions  of  900  m  (visibie)  and 
2,700  m  (IR)  and  a  swath  of  1,500  km.  The  54- 
kg  Microwave  Scanning  Radiometer  (MSR)  is 
tuned  to  two  frequencies:  23.8  GHz  and 
31.4  GHz.  The  swath  is  317  km  with  respective 
resoiutions  of  23  km  and  32  km.  Finaiiy,  the 
Data  Coiiection  System  Transponder  (DCST) 
coliects  data  from  DCP’s  transmitting  in  the  400 
MHz  band  and  reiays  the  information  to  data 
acquisition  and  processing  faciiities  at  a  fre¬ 
quency  of  1.7  GHz.  MESSR  and  VTIR  data  are 
transmitted  at  1.7  GHz  and  8  GHz,  whiie  MSR 
data  are  downiinked  at  2  GHz.  MOS  1  and  MOS 
1b  are  expected  to  remain  operationai  untii 


FIGURE  4.71  JERS-1  SATELLITE. 
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about  1 997  and  2001  -2002,  respectively  (Refer¬ 
ences  583-585). 

The  Japan  Earth  Resources  Satellite 
(JERS-1  aka  Fuyo  1 )  was  launched  in  February, 
1992,  into  a  570-km,  sun-synchronous  orbit. 
The  12-year  effort  to  field  the  moderate  resolu¬ 
tion  SAR  and  multi-spectral  payload  was  a  joint 
venture  by  NASDA,  which  was  responsible  for 
the  spacecraft,  by  the  Ministry  of  International 
Trade  and  Industry,  which  developed  the  pay- 
load  instruments,  and  by  the  Science  and  Tech¬ 
nology  Agency.  Mitsubishi  Electric  was  the 
prime  contractor  aided  by  Toshiba,  Nippon 
Electric,  and  the  Japanese  Resources  Observa¬ 
tion  Systems  Organization. 

The  1,340  kg  JERS-1  (Figure  4.71)  consists 
of  a  flat  rectangular  bus  (0.9  m  by  1 .8  m  by  3.2 
m)  with  a  single  2-kW  solar  array  (3.5  m  by  7.0 
m)  and  an  eight-segmented  SAR  antenna  (2.4 
m  by  1 1 .9  m  when  deployed).  The  spacecraft  is 
3-axis  stabilized  with  a  payload  of  nearly  500  kg 
and  a  design  life  of  two  years.  Frequent  orbital 
adjustments  are  required  to  maintain  the  44-day 
repeating  groundtrack. 

The  spacecraft  carries  two  closely  matched 
Earth  observation  sensors:  the  SAR  and  the 
OPS  multi-spectral  imager.  The  SAR  operates 
at  a  frequency  of  1 .275  GHz  with  a  peak  power 
of  1.3  kW,  a  75-km  swath,  and  an  18-m  resolu¬ 
tion.  The  SAR  mission  was  placed  in  jeopardy 
for  two  months  when  the  large  radar  antenna 
failed  to  deploy  fully.  On  4  April  1992  the  space¬ 
craft  signaled  that  the  first  stage  of  deployment 
was  finally  accomplished,  and  by  9  April  the  full 
antenna  array  was  in  position.  Images  returned 
by  the  SAR  in  late  April  lived  up  to  expectations, 
although  some  minor  interference  problems 
appeared  later  in  the  year  (References  586- 
592). 

The  OPS  system  is  comprised  of  a  3-band, 
CCD  Visible  and  Near-IR  Radiometer  (VNIR) 
using  0.52-0.60  pm,  0.63-0.69  pm,  and  0.76- 
0.86  pm  regimes  and  a  4-band,  CCD  Short 
Wavelength  IR  Radiometer  (SWIR)  sensitive  to 
1.60-1.71  pm,  2.01-2.12  pm,  2.13-2.25  pm,  and 
2.27-2.40  pm.  The  resolution  of  the  OPS  is 
matched  to  that  of  the  SAR  at  18  m.  A  mission 
data  recorder  is  available  to  store  images  until 
downlinked  by  the  mission  data  transmitter  at 
8.15  GHz  and  8.35  GHz.  JERS-1  continued  to 
experience  sensor  difficulties,  and  in  late  1993 
the  SWIR  failed  due  to  a  cooling  problem.  The 
remainder  of  the  spacecraft’s  instruments  were 


still  operational  at  the  end  of  1 994  (References 
593-595). 

Japan’s  next  major  remote  sensing  satellite 
undertaking  is  the  Advanced  Earth  Observing 
Satellite  (ADEOS),  slated  for  launch  in  1996  by 
the  H-ll  booster.  The  objectives  of  the  program 
are  “to  acquire  data  on  worldwide  environmen¬ 
tal  changes  such  as  the  greenhouse  effect, 
ozone  layer  depletion,  tropical  rain  forest  defor¬ 
estation,  and  abnormal  climatic  conditions,  in 
order  to  contribute  to  international  global  envi¬ 
ronmental  monitoring  and  to  develop  platform 
bus  technology,  interorbital  data  relay  technol¬ 
ogy,  etc.  which  are  necessary  for  the  develop¬ 
ment  of  future  Earth  observation  systems”  (Ref¬ 
erence  596). 

The  3.5-metric-ton  ADEOS  will  operate  in 
an  800-km  orbit  with  an  inclination  of  98.6°. 
Developed  jointly  by  Mitsubishi  Electric, 
Toshiba,  and  Nippon  Electric,  the  ADEOS  con¬ 
figuration  employs  an  irregularly  shaped  bus 
(3.5  m  by  3.5  m  by  4  m)  with  a  single  solar  array 
(3  m  by  13  m)  capable  of  generating  a  minimum 
of  4.5  kW  during  the  anticipated  3-year  lifetime 
of  the  satellite  (Figure  4.72).  Hydrazine  thrust¬ 
ers  will  maintain  a  precise  41 -day  repeating 
groundtrack. 

An  extensive,  complex  payload  consisting 
of  Japanese,  American,  and  French  remote 
sensing  instruments  is  planned  for  ADEOS. 
NADSA  will  directly  contribute  an  Advanced 
Visible  and  Near-IR  Radiometer  (5  bands,  8-m 
and  16-m  resolution,  80-km  swath)  and  the 
Ocean  Color  and  Temperature  Scanner 
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FIGURE  4.72  ADEOS  SATELLITE. 
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FIGURE  4.73  FSW  SATELLITE. 


(12  bands,  700-m  resolution,  1,400-km  swath). 
The  Japanese  Environment  Agency  wiii  provide 
the  Improved  Limb  Atmospheric  Spectrometer 
and  the  Retrofiector  in  Space,  whiie  the  Ministry 
of  International  Trade  and  Industry  supplies  the 
Interferometric  Monitor  for  Greenhouse  Gases. 
The  three  foreign  instruments  to  be  hosted  by 
ADEOS  are  the  Total  Ozone  Mapping  Spec¬ 
trometer  (NASA),  the  Scatterometer  (NASA), 
and  the  French  POLDER  (Polarization  and 
Directionality  of  the  Earth’s  Refiectance).  A  foi- 
low-on  ADEOS  mission  is  tentativeiy  scheduied 
for  1999  (References  596-600). 

Japan  is  aiso  a  principal  participant  in  the 
internationai  Tropicai  Rainfaii  Measuring  Mis¬ 
sion  (TRMM)  scheduled  to  begin  in  1997.  Japan 
will  launch  the  3.5-metric-ton  sateiiite  buiit  by 
NASA  into  a  350-km  orbit  with  a  low  inclination 
of  35°.  Accompanying  four  NASA  instruments 
will  be  the  Japanese  Precipitation  Radar,  oper¬ 
ating  at  13.8  GHz  and  sponsored  by  NASDA 
with  Toshiba  as  the  prime  contractor.  For  the 
longer  term,  Japan  envisions  estabiishing  a 
Globai  Earth  Observation  System  comprised  of 
a  variety  of  low  and  high  aititude  sateliites.  One 
of  the  new  spacecraft  joining  this  fieet  is  the 
proposed  Advanced  Land  Observing  Satellite 
(ALOS),  which  may  be  piaced  into  a  700-km, 
sun-synchronous  orbit  by  the  year  2000  with  a 
synthetic  aperture  radar  and  a  version  of  the 


visible  and  near-IR  radiometer  design  for 
ADEOS  (References  585,  597,  601-603). 

4.3.8  Pakistan 

Aithough  Pakistan  has  only  operated  one 
small  satellite  in  LEO  (Badr-A,  16  July-20 
August  1990,  orbited  as  a  secondary  payload 
by  a  Chinese  booster),  the  country’s  modest 
space  program  has  iong  been  oriented  toward 
remote  sensing  appiications.  A  data  process¬ 
ing  infrastructure  has  been  established  to 
exploit  Earth  observation  data  transmitted  by 
Landsat,  NOAA,  and  SPOT  satellites.  As  a  next 
step,  the  Space  and  Upper  Atmosphere 
Research  Commission  (SUPARCO)  is  prepar¬ 
ing  for  the  commercial  launch  of  a  simple  Paki¬ 
stani  satellite  with  Earth  imaging  capabilities. 

The  50-kg  Badr-B  now  in  final  development 
will  be  a  cube  with  side  dimensions  of  45  cm 
and  a  gravity-gradient  stabilization  system.  The 
project  plan  envisions  a  2-3  year  mission  for  a 
CCD  camera  in  an  800-km,  sun-synchronous 
orbit.  A  plan  to  launch  Badr-B  in  1994  did  not 
materialize,  and  it  was  hoped  that  a  ride  could 
be  found  in  1995  or  1996  (References  604- 
608). 

4.3.9  People’s  Republic  of  China 

The  PRC  has  been  actively  pursuing  Earth 
observation  space  systems  for  more  than 
twenty  years  and  in  1975  became  only  the  third 
country  in  the  world  to  retrieve  high  resolution 
photographs  of  the  planet  shot  from  space. 
Today,  two  models  of  LEO  recoverable  Earth 
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FIGURE  4.74  FSW-1  AND  FSW-2 
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observation  satellites  are  in  use  and  a  sun-syn¬ 
chronous  meteorological  satellite  system  has 
been  tested.  PRC’s  first  GEO  meteorological 
satellite  was  lost  in  a  ground  accident  in  early 
1 994,  but  plans  for  the  launch  of  a  replacement 
in  1995-1996  are  underway. 

Designed  to  support  both  military  and  civil¬ 
ian  Earth  observation  needs,  the  FSW  (Fanhui 
Shi  Weixing,  i.e..  Return  Test  Satellite)  program 
began  in  1966  with  an  initial  launch  failure  in 
1 974.  Recent  Chinese  descriptions  of  the  pro¬ 
gram  have  shed  new  light  on  the  FSW  series 
which  by  the  end  of  1 994  had  flown  1 6  space¬ 
craft  in  LEO.  The  original  FSW-0  variant  com¬ 
pleted  nine  orbital  missions  during  1975-1987 
after  the  maiden  launch  failure  of  November, 
1 974.  The  FSW-1  model  was  introduced  in  Sep¬ 
tember,  1987  (five  flights  to  date),  followed  by 
the  FSW-2  In  August,  1 992  (two  flights  to  date). 
During  1993-1994  a  single  mission  for  each  of 
the  FSW-1  and  FSW-2  was  conducted. 

Launched  by  the  CZ-2C  booster  from  Jiu- 
quan,  the  FSW-1  (Figure  4.73)  has  a  blunt  coni¬ 
cal  shape  with  a  length  of  3.14  m,  and  a  maxi¬ 
mum  diameter  of  2.2  m,  and  a  mass  of  up  to  2.1 
metric  tons.  The  vehicle  is  divided  into  two 
major  sections:  the  equipment  and  retro  mod¬ 
ule  (1 .6  m  long)  and  the  reentry  module  (1 .5  m 
long).  The  3-axis-stabilized  FSW-1  is  powered 
by  batteries  and  is  controlled  from  the  Xian  Sat¬ 
ellite  Control  Center.  The  nominal  flight  duration 
is  7-10  days  (References  609-611). 

FSW-1  satellites  have  carried  imaging  pay- 
loads  with  high  resolution  (10-15  m)  cameras 
for  film  development  on  Earth  and  with  CCD 
(50-m  resolution)  camera  systems  for  near-real¬ 
time  images.  The  latter  system  can  also  be 
used  in  directing  the  operation  of  the  former 
system,  thereby  minimizing  the  wastage  of  film 
supplies  if  environmental  conditions  are  unfa¬ 
vorable,  e.g.,  cloud-covered.  The  maximum 
recoverable  payload  is  180  kg,  while  the  maxi¬ 
mum  non-recoverable  payload  is  250  kg  (Refer¬ 
ences  611-614). 

The  only  FSW-1  mission  conducted  during 
1993-1994  was  launched  on  8  October  1993 
into  an  orbit  of  209  km  by  300  km  at  an  inclina¬ 
tion  of  57.0°.  In  addition  to  an  Earth  observation 
payload,  FSW-1  5  carried  microgravity  research 
equipment  and  a  diamond-studded  medallion 
commemorating  the  100th  anniversary  of  Chair¬ 
man  Mao  Tse-Tung’s  birth.  The  spacecraft 
operated  normally  until  16  October  when  an 
attempt  to  recover  the  satellite  failed.  An  atti- 


FIGURE  4.75  FENG  YUN-1  SATELLITE. 


tude  control  system  failure  aligned  the  space¬ 
craft  90°  from  its  desired  position,  causing  the 
reentry  capsule  to  be  pushed  into  a  higher  ellip¬ 
tical  orbit  (179  km  by  3031  km)  instead  of 
returning  to  Earth.  Natural  decay  will  not  bring 
the  capsule  back  until  late  1995  or  1996  (Refer¬ 
ences  615-620). 

The  FSW-2  debuted  on  9  August  1992  with 
a  launch  by  the  new  CZ-2D  booster  from  Jiu- 
quan.  The  heavier  (2.4-3. 1  metric  ton)  FSW-2 
resembles  the  FSW-1  with  an  additional  cylin¬ 
drical  module  2.2  m  in  diameter  and  1 .5  m  long 
for  a  total  length  of  4.6  m  (Figure  4.74).  The 
major  advantages  of  the  newer  model  are  an 
increased  payload  (350  kg  maximum  recover¬ 
able;  400  kg  maximum  non-recbverable)  and  a 
longer  mission  duration  (up  to  18  days).  Unlike 
the  FSW-1 ,  the  FSW-2  has  a  modest  mono-pro- 
pellant  orbital  maneuver  capability  (References 
609-611,621). 

The  second  FSW-2  was  launched  on  3  July 
1994  into  an  orbit  of  173  km  by  343  km  at  an 
inclination  of  63.0°.  The  spacecraft  remained  in 
orbit  for  15  days,  making  four  small  maneuvers 
before  successfully  returning  to  Earth.  The  pay- 
load  included  Earth  observation  systems,  a  bio¬ 
logical  experiment,  and  microgravity  research 
instruments. 
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A  general  reference  was  made  in  a  1989 
scientific  paper  about  the  development  of  a 
second  generation  of  recoverable  satellites 
which  wouid  be  “much  larger,  heavier,  and  more 
advanced  than  FSW-2”  (Reference  609).  The 
new  spacecraft  would  also  incorporate  more 
sophisticated  reentry  lift  techniques  to  improve 
landing  precision  and  to  lessen  deceleration 
forces,  which  are  currently  as  high  as  20  g’s  for 
FSW  capsules.  No  subsequent  discussion  of 
this  proposed  satellite  has  ensued. 

In  1988  and  again  in  1990  the  PRC 
launched  Feng  Yun  1  meteorological  satellites 
into  approximately  900-km,  99°  inclination  orbits 
by  CZ-4  boosters  from  Taiyuan.  The  spacecraft 
were  designed  to  be  comparable  to  existing 
international  LEO  meteorological  and  remote 
sensing  systems,  including  APT  transmissions 
in  the  1 37  MHz  band.  The  satellite  structure  and 
support  systems  were  created  by  the  Shanghai 
Satellite  Engineering  and  Research  Center  of 
the  China  Space  Technology  Institute,  whereas 
the  payload  was  developed  by  the  Shanghai 
Technical  Physics  Institute  of  the  Chinese 
Academy  of  Sciences. 

Both  satellites  were  experimental  to  test 
systems  prior  to  the  launch  of  operational  Feng 
Yun  1  spacecraft  and  were  similar  in  design, 
although  technical  characteristics  differed.  The 
height  of  the  cubical  spacecraft  bus  (1.4  m  by 
1.4  m  base)  of  Feng  Yun  1A  was  apparently 
increased  from  1.2  m  to  nearly  1.8  m  for  Feng 
Yun  IB  (Figure  4.75).  Likewise,  total  spacecraft 
mass  increased  from  750  kg  to  about  880  kg. 
Both  satellites  were  powered  by  two  solar 
arrays  (about  3.5  m  long  each)  with  a  combined 
rating  of  more  than  800  W.  Nickel-cadmium  bat¬ 
teries  were  used  for  electrical  power  storage. 
Attitude  control  was  maintained  by  a  combina¬ 
tion  of  nitrogen  cold  gas  thrusters  and  reaction 
wheels,  although  both  spacecraft  suffered  seri¬ 
ous  malfunctions  in  this  system.  Feng  Yun  1A 
was  lost  after  only  38  days,  but  Feng  Yun  IB 
operated  for  more  than  a  year  (References  622- 
624). 

The  Feng  Yun  1  primary  payload  consisted 
of  two  Very  High  Resolution  Scanning  Radiom¬ 
eters  (VHRSR)  with  a  combined  mass  of  95  kg. 
These  optical-mechanical  scanners  operated  at 
360  rpm  with  a  20-cm  diameter  primary  mirror. 
The  five  spectral  bands  used  were  0.58-0.68 
pm,  0.725-1.1  pm,  0.48-0.53  pm,  0.53-0.58  pm, 
and  10.5-12.5  pm.  The  system  swath  was  2,860 
km  with  a  1.08-km  resolution  in  the  High  Reso¬ 


lution  Picture  Transmission  (HRPT)  mode  and 
4-km  resolution  in  the  Automatic  Picture  Trans¬ 
mission  (APT)  mode. 

Two  improved  Feng  Yun  1  spacecraft  are 
expected  to  be  launched  toward  the  end  of  this 
decade.  Feng  Yun  1C  and  ID  will  probably 
carry  a  10-channel  scanning  radiometer  with  a 
resolution  equal  to  that  of  Feng  Yun  1A  and  IB. 
A  second-generation  LEO  observation  satellite 
called  Feng  Yun  3  is  reportedly  under  develop¬ 
ment  with  substantially  advanced  multispectral 
imaging  systems  (Reference  625). 

In  1994  the  long-awaited  Feng  Yun  2  GEO 
meteorological  spacecraft  was  to  be  launched 
and  positioned  at  105°  E.  The  spacecraft  will  be 
slightly  more  massive  than  PRC’s  DFH-2  com¬ 
munications  satellite  and  will  be  spin-stabilized 
like  its  foreign  counterparts.  The  Feng  Yun  2 
spacecraft  bus  diameter  will  be  2.1  m,  and  the 
total  height  on-station  will  be  about  4.5  m.  The 
two  principal  sensors  will  be  visible  and  IR 
imaging  instruments  with  best  resolutions  of 


FIGURE  4.76  Zl  YUAN/CBERS  SATELLITE. 
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TABLE  4.4  NON-RECOVERABLE  PRC  EARTH  OBSERVATION  SYSTEMS. 


RRST 

MEAN  ALTITUDE, 

INCLINATION, 

SENSOR  BANDS 

SYSTEM 

FLIGHT 

KM 

DEG 

uM 

RESOLUTION 

FENG  YUN  1 

1988 

900 

99 

0.43-0.53 

1.08  KM  / 

0.53-0.58 

0.58-0.68 

0.73-1.10 

10.5-12.5 

4  KM 

FENG  YUN  2 

1995 

36000 

0 

0.50-1.05 

1.25  KM 

5. 7-7.1 

10.5-12.5 

5  KM 

ZI  YUAN  1 

1996 

800 

98.5 

0.45-0.52 

20  M 

(CBERS) 

0.51-0.73 

0.52-0.59 

0.63-0.69 

0.77-0.89 

0.5-1. 2 

1.55-1.75 

2.08-2.35 

80  M 

10.4-12.5 

160  M 

0.63-0.69 

0.77-0.89 

250  M 

PROPOSED 

TBD 

770 

98.5 

0.45-0.52 

0.52-0.60 

0.63-0.69 

0.76-0.90 

100  M 

1.55- 1.75 

3.55- 3.95 

10.5-12.5 

300  M 

FIGURE  4.77  PoSAT-1  SATELLITE. 


1 .25  km  and  5.0  km,  respectively.  A  water  vapor 
sensor  will  also  be  carried.  The  first  Feng  Yun  2 
satellite  was  undergoing  final  check-out  on  2 
April  1994  before  being  mated  to  its  launch 
vehicle  when  a  fire  and  explosion  erupted, 
destroying  the  vehicle,  killing  one  worker,  and 
injuring  20  or  more  others.  A  second  Feng  Yun 
2  spacecraft  was  not  expected  to  be  ready  until 
late  1995  at  the  earliest  (References  625-631). 

Since  1986  PRC  and  Brazil  have  been 
developing,  based  on  Chinese  research  with 
the  Shi  Jian  3  project,  a  joint  Earth  observation 
spacecraft,  commonly  referred  to  as  CBERS 
(China-Brazil  Earth  Resources  Satellite)  but 
also  known  in  PRC  as  Zi  Yuan  (Earth 
Resources).  PRC  is  contributing  approximately 
70%  of  the  program  costs  for  two  spacecraft 
scheduled  for  launch  in  1996  and  1998-1999, 
respectively.  The  1 ,450-kg  spacecraft  will  have 
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overall  dimensions  of  2  m  by  3.3  m  by  8.3  m 
with  a  1.1  kW  capacity,  single  solar  array  and 
will  operate  in  an  800-km  sun-synchronous  orbit 
with  a  26-day  repeating  groundtrack  pattern. 

The  Earth  observation  payload  (Figure 
4.76)  will  include  three  primary  sensors  (the  first 
two  of  Chinese  origin): 

•  CCD  Camera:  Five  bands  (0.51-0.73  pm, 
0.45-0.52  pm,  0.52-0.59  pm,  0.63-0.69  pm, 
and  0.77-0.89  pm);  20-m  resolution;  113  km 
swath; 

•  IR  Multi-Spectral  Scanner:  Four  bands 
(0.50-1.10  pm,  1.55-1.75  pm,  2.08-2.35  pm, 
and  10.40-12.50  pm);  80-1 60-m  resolution; 
120-km  swath; 

•  Wide-Field  Imager:  Two  bands  (0.63-0.69 
pm  and  0.76-0.90  pm);  260-m  resolution; 
900-km  swath. 

Zi  Yuan  will  also  carry  a  Data  Collection 
System  and  a  Space  Environment  Monitor  (Ref¬ 
erence  632). 

Chinese  spacecraft  designers  are  also 
investigating  the  potential  of  a  constellation  of 
several  low-mass,  LEO  spacecraft  to  fulfill 
remote  sensing  objectives.  One  concept  envi¬ 
sions  seven  coplanar  spacecraft  of  less  than 
250  kg  each  in  a  770-km,  sun-synchronous 
orbit.  Each  spacecraft  would  carry  4-channel 
CCD  sensors  capable  of  400-km  swath  widths 
and  100-m  ground  resolution  (Table  4.4).  Total 
payload  mass  (camera  system,  converters, 
power  supply,  etc.)  is  budgeted  for  only  10  kg.  A 
cooled,  multi-channel  infrared  camera  system 
with  a  mass  of  40-50  kg  is  also  being  consid¬ 
ered  but  may  require  separate  spacecraft  plat¬ 
forms  (Reference  633). 

4.3.10  Portugal 

Portugal’s  first  satellite,  PoSAT-1,  was 
launched  on  26  September  1993,  as  a  piggy¬ 
back  payload  on  an  Ariane  LEO  mission.  Built 
by  the  UK’s  University  of  Surrey  on  a  SSTL  mic¬ 
rosatellite  bus,  PoSAT-1  (Figure  4.77)  was 
inserted  into  an  orbit  of  793  km  by  806  km  at  an 
inclination  of  98.7°.  One  of  the  central  payloads 
on  this  50-kg  multi-mission  satellite  was  the 
Earth  Imaging  System,  consisting  of  “two  CCD 
imagers,  two  lenses,  and  a  Transputer  Data 
Processing  Experiment  to  provide  on-board 
image  processing  and  data  compression”  (Ref¬ 
erence  634).  The  two  different  imagers  permit¬ 
ted  a  wide-field  capability  with  2-km  resolution 
or  a  narrow-field  capability  with  200-m  resolu¬ 
tion.  Within  a  few  months  the  small  spacecraft 


had  already  returned  more  than  100  images  of 
the  Earth  (References  634-636). 

4.3.11  Russian  Federation 

The  Russian  Federation  continues  to  oper¬ 
ate  the  most  comprehensive  and  diverse  set  of 
Earth  observation  satellites  in  Eurasia.  Eight 
major  systems  were  active  during  the  period, 
including  the  first  Russian  GEO  meteorological 
satellite.  Earth  observation  and  remote  sensing 
remain  missions  of  great  importance  to  the  Rus¬ 
sian  Federation  but  have  been  vulnerable  to 
budget  cuts  in  the  current  fiscally  constrained 
national  space  program.  Although  the  large 
number  of  new  systems  proposed  in  the  late 
1 980’s  and  early  1 990’s  are  unlikely  to  material¬ 
ize,  some  improved  variants  of  existing  systems 
as  well  as  a  few  new  satellite  designs  are  antic¬ 
ipated  during  the  second  half  of  this  decade. 
For  convenience,  these  systems  are  divided  in 
this  section  into  the  general  categories  of  mete¬ 
orology,  oceanography,  and  multi-purpose. 

Since  the  inception  of  the  Soviet  meteoro¬ 
logical  program  in  1964  and  the  official  debut  of 
the  Meteor  1  spacecraft  in  1969,  the  USSR/ 
Russian  Federation  has  operated  a  single,  inte¬ 
grated  space-based  network  designed  to  meet 
all  civilian,  military,  and  governmental  require¬ 
ments.  In  1992  the  responsibility  for  program 
management  of  the  meteorological  program 
transitioned  from  the  USSR  State  Committee  on 
Hydrometeorology  (GOSKOMHYDROMET)  to 
the  newly  established  Committee  on  Hydrome¬ 
teorology  of  the  Russian  Ministry  of  Ecology 
and  Natural  Resources.  Similarly,  the  All-Union 
Research  Institute  for  Electromechanics  (VNI- 
lEM),  which  has  produced  Meteor  spacecraft  for 
a  quarter  century,  was  renamed  the  All-Russian 
Electromechanical  Scientific  Research  Institute 
(References  637-638). 

Russian  Meteor  satellites  make  possible  the 
creation  of  atmospheric  temperature  and 
humidity  profiles,  penetrating  radiation  profiles, 
sea-surface  temperature  readings,  sea-ice  con¬ 
dition  charts,  snow-cover  limit  charts,  cloud  and 
surface  images  in  the  visible  and  infrared,  and 
cloud-top  height  charts.  The  well-known  visible 
images  have  been  transmitted  according  to  the 
international  automatic  picture  transmission 
(APT)  format  since  1971  and  are  available  on 
carrier  frequencies  of  137.300  MHz,  137.400 
MHz,  and  137.850  MHz  (FM,  ±50  KHz  band¬ 
width,  two  lines  per  second). 
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Between  1975  and  1994  21  Meteor  2 
spacecraft  (not  including  the  apparent  Meteor  2 
failure  designated  Kosmos  1066)  served  as  the 
primary  space-based  meteorological  network. 
Originally  launched  by  the  Vostok  booster  into 
nominal  orbits  of  850  km  by  900  km  at  an  incli¬ 
nation  of  81.3°,  during  1982-1984  the  Meteor  2 
satellites  were  transferred  to  the  Tsyklon-3 
booster  and  a  new  orbital  regime  of  940  km  by 
960  km  with  an  inclination  of  82.5°. 

The  approximately  1 ,300  kg  spacecraft  car¬ 
ried  a  modest  array  of  scanning  telephotome¬ 
ters,  scanning  IR  radiometers,  and  a  radiation 
measurement  complex  (Figure  4.78).  Two  scan¬ 
ning,  single-band  (0.5-0.7  pm)  telephotometers, 
one  with  a  2,1 00-km  swath  width  and  one  with  a 
swath  width  of  2,600  km,  feature  ground  resolu¬ 
tions  of  2  km  and  1  km,  respectively.  A  single¬ 
band  (8-12  pm)  IR  radiometer  provides  8-km 
resolution  over  a  2,800-km  swath,  while  an  8- 
channel  IR  radiometer  (11.1-18.7  pm)  collects 
only  37-m  resolution  over  a  1 ,000-km  swath. 

The  last  of  the  Meteor  2  series  spacecraft 
was  launched  on  31  August  1 993  as  Meteor  2- 
21  (Reference  639).  The  spacecraft  also  carried 
the  Italian  Temisat  micro-satellite  as  a  piggy¬ 
back  payload  designed  to  collect  and  retransmit 
environmental  data  from  terrestrial  sensors. 
Temisat  was  ejected  shortly  after  reaching  orbit. 
From  Western  interceptions  of  Meteor  2-21 ’s 
transmissions,  the  spacecraft  did  not  perform  as 
well  as  earlier  vehicles  in  the  series,  particularly 
with  regard  to  image  quality  and  stable  signal 
strength.  The  spacecraft  operated  through  the 
end  of  1994  on  137.400  MHz  and  137.850  MHz, 
switching  when  required  to  avoid  interference 
with  other  Russian  Earth  observation  space¬ 


craft.  No  other  Meteor  2  spacecraft  were  appar¬ 
ently  operational  during  1 993-1 994. 

The  Meteor  3  program  began  with  the 
launch  of  Meteor  3-1  in  1985  after  the  prototype 
spacecraft  (Kosmos  1612)  was  lost  due  to  a 
launch  vehicle  failure  the  previous  year.  Accord¬ 
ing  to  documents  filed  with  the  World  Meteoro¬ 
logical  Organization,  the  objectives  of  the 
Meteor  3  program  are  as  follows: 

“•  to  obtain,  on  a  regular  basis,  global 
data  on  the  distribution  of  cloud,  snow,  and  ice 
cover  and  surface  radiation  temperatures  once 
or  twice  daily  at  times  close  to  the  synoptic 
times; 

•  to  obtain,  on  a  regular  basis,  regional 
data  on  the  distribution  of  cloud,  snow,  and  ice 
cover; 

•  to  obtain,  during  each  communica-tion 
session,  global  data  on  the  vertical  temperature 
and  humidity  distributions  in  the  atmosphere; 

•  to  observe,  on  a  regular  basis,  informa¬ 
tion  on  radiation  conditions  in  near-Earth  space 
globally  once  or  twice  a  day,  and  for  each  orbit 
in  storm  conditions”  (Reference  640). 

To  eliminate  low  latitude  coverage  gaps,  the 
altitude  of  Meteor  3  satellites  was  increased 
250  km  in  comparison  with  the  Meteor  2  net¬ 
work,  i.e.,  approximately  1,200  km  circular 
orbits  with  an  inclination  of  82.5°.  The  higher 
altitude  provides  a  wider  ground  swath  for  the 
same  instrument  angular  field-of-view.  All 
Meteor  3  spacecraft  are  launched  by  the  Tsyk- 
lon-3  booster  from  the  Plesetsk  Cosmodrome. 

Although  very  similar  to  its  predecessor,  the 
Meteor  3  satellite  incorporates  several  new 
improvements  and  capabilities.  Total  spacecraft 
mass  is  2,150-2,250  kg  with  a  payload  of  500- 


FIGURE  4.78  METEOR  2  SATELLITE. 
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700  kg  in  a  volume  of  0.7  m3.  The  spacecraft 
(Figure  4.79)  is  essentially  a  vertically  oriented 
cylinder  with  a  maximum  diameter  of  slightly 
more  than  1  m  and  a  height  of  about  1.5  m 
which  supports  a  payload  equipment  truss  at 
the  bottom,  a  gravity  gradient  stabilization  sys¬ 
tem  on  top,  and  two  movable  solar  arrays  (-1.5 
m  tall  by  3.5  m  wide).  The  spacecraft  bus  is 
maintained  at  standard  temperatures  and  pres¬ 
sures  and  is  fed  a  total  output  power  from  the 
solar  arrays  of  500  W.  The  design  lifetime  is  two 
years. 

The  payload  truss  is  an  innovation  over  the 
Meteor  2  satellite  design  which  facilitates  the 
addition  of  new  and  experimental  instruments. 
Table  4.5  details  a  typical  Meteor  3  satellite 
payload  suite.  The  principal  telephotometer  pro¬ 
duces  an  image  size  of  195  mm  by  290  mm 
which  is  scanned  at  3.8  lines  per  mm  with  at 
least  12  gray  levels.  Similarly,  the  IR  radiometer 
image  of  148  mm  by  290  mm  is  scanned  at  1 
line  per  mm  with  at  least  9  gray  levels.  The  10- 
channel  spectrometer  includes  one  band  for 
water  vapor,  six  bands  for  carbon  dioxide,  one 
band  for  ozone,  and  two  bands  about  1 1  pm. 
The  experimental  Ozon-M  spectrometer  is 
designed  to  measure  total  ozone  content  and 
vertical  ozone  distribution  in  individual  regions 
(References  640-642).  In  addition  to  137-138 
MHz  direct  transmissions,  data  is  also  beamed 
to  Earth  at  466.5  MHz  (FM,  ±120  KHz  band¬ 
width,  10  W  output  power)  in  a  “store  and  for¬ 
ward”  mode.  The  primary  ground  stations  are 
located  at  Moscow/Obninsk,  Novosibirsk,  and 
Khabarovsk. 

Meteor  3-5  (August,  1991)  continued  to 
operate  during  1993-1994,  but  its  US  TOMS 
(Total  Ozone  Mapping  Spectrometer)  devel¬ 
oped  problems  in  May,  1993,  and  failed  entirely 


FIGURE  4.79  METEOR  3  SATELLITE. 


in  late  1 994.  However,  the  data  returned  by  the 
30-kg  instrument,  particularly  over  the  south 
polar  region  was  exceptionally  valuable  (Refer¬ 
ences  643-652).  Working  with  Meteor  3-5  dur¬ 
ing  1993  were  Meteors  3-3  and  3-4,  but  both 
had  come  to  the  end  of  their  useful  lives  as  the 
year  came  to  a  close. 

The  only  new  Meteor  3  mission  undertaken 
during  the  period  was  Meteor  3-6,  launched  on 
25  January  1994.  The  newest  member  of  the 
constellation  was  inserted  into  an  orbital  plane 
60°  to  the  west  of  Meteor  3-5’s  plane.  In  addi¬ 
tion  to  carrying  the  German  TUBSAT  B  as  a 
releasable  piggyback  payload.  Meteor  3-6 
included  an  integrated  French  payload  called 
SCARAB  (Scanner  for  Radiation  Budget)  and  a 
German  PRARE  (Precision  Range  and  Range 
Rate  Experiment)  instrument.  The  French  radi¬ 
ometer  was  designed  to  study  the  Earth’s  radia¬ 
tion  budget  over  an  extended  period  of  time  and 
to  measure  the  effect  of  clouds  on  the  green¬ 
house  phenomenon.  A  second  SCARAB  instru¬ 
ment  is  manifested  on  a  Meteor  spacecraft  to 
be  launched  in  1996.  The  German  PRARE  was 
similar  to  the  instrument  carried  on  ESA’s  ERS- 
1  satellite  (References  653-657). 

The  last  Meteor  3  is  scheduled  for  1 995  and 
will  be  followed  in  1 996  by  the  first  of  the  Meteor 
3M  class.  The  overall  mass  of  the  spacecraft 
will  be  increased  to  2,500  kg,  including  a  larger 
payload  of  up  to  900  kg.  In  addition,  the  aver¬ 
age  daily  power  available  will  nearly  double  to  1 
kW,  and  the  spacecraft  stabilization  accuracy 
will  be  improved  by  an  order  of  magnitude. 
Pointing  accuracy  will  also  be  improved,  as  well 
as  satellite  design  lifetime  which  will  reach  three 
years.  The  store  and  forward  transmission 
mode  will  be  converted  from  the  current  466.5 
MHz  analog  to  1 .69-1 .71  GHz  digital.  The  1 .4  m 
diameter,  2.2  m  long  spacecraft  bus  will  carry  a 
payload  truss  (like  Meteor  3)  with  dimensions  of 
1,800  mm  by  1,600  mm  by  270  mm.  High-tem¬ 
perature  ammonia  thrusters  (0.147  N)  will  be 
used  for  adjustments  of  the  basic  900  km  by 
950  km  orbit.  Originally  slated  for  an  orbital 
inclination  of  82.5°,  Meteor  3M  may  also  be 
inserted  into  sun-synchronous  orbits  by  the  new 
Rus  launch  vehicle.  In  1994  NASA  was  negoti¬ 
ating  with  the  Russian  Space  Agency  to  fly  a 
SAGE  III  (Stratospheric  and  Aerosols  and  Gas 
Experiment)  instrument  on  a  1998  Meteor  3M 
and  a  new  TOMS  payload  on  a  flight  in  the  year 
2000  (References  641, 656,  658-660). 
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TABLE  4.5  TYPICAL  METEOR  3  INSTRUMENT  SUITE. 


INSTRUMENT 

NUMBER  OF 
SPECTRAL 
BANDS 

BAND 

WAVELENGTHS 

UM 

GROUND 

SWATH 

KM 

GROUND 

RESOLUTION 

KM 

TRANSMISSION 

MODE 

SCANNING 

TELEPHOTOMETER 

1 

0.5-0.7 

2600 

1.0  X  2.0 

□RECT 

SCANNING 

TELEPHOTOMETER 

1 

0.5-0.7 

3100 

0.7  X  1.4 

STORE/DUMP 

SCANNING 

IR-RADICMETER 

1 

10.5-12.5 

3100 

3x3 

DIRECT 

SCANNING 

IR-RADIOMETER 

10 

9.4-19.68 

1000 

42 

STORE/DUMP 

UV-SPECTROMETER 

8 

0.25-0.38 

200 

3-5  IN 
ALTITUDE 

STORE/DUMP 

MULTI-CHANNEL 

UV-SPECTROMETER 

(OZON-M) 

4 

0.25-0.29 

0.37-0.39 

0.60-0.64 

0.99-1.03 

2  IN 

ALTITUDE 

STORE/DUMP 

RADIATION 
MEASUREMETsfr 
COMPLEX  (PMK) 

REGISTRATION  OF  FLOW  DENSITY:  0.15-3.1  MeV  (ELECTRONS) 

1-600  MeV  (PROTONS) 

STORE/DUMP 

The  year  1 994  witnessed  the  long-awaited 
debut  of  the  Geostationary  Operationai  Meteo¬ 
rological  Satellite  (GOMS)  system  of  Eiektro 
spacecraft.  Originally  proposed  for  a  maiden 
fiight  in  1978-1979,  GOMS  has  suffered  both 
technicai  and  budgetary  probiems.  The  objec¬ 
tives  of  the  program,  as  stated  in  1991,  are  as 
follows: 

“•  to  acquire,  in  real  time,  television  images  of 
the  Earth  surface  and  cloud  within  a  radius 
of  60°  centered  at  the  sub-satellite  point  in 
the  visible  and  IR  regions  of  the  spectrum; 

•  to  measure  temperature  profiles  of  the 
Earth  surface  (land  and  ocean)  as  well  as 
cloud  cover; 

•  to  measure  radiation  state  and  magnetic 
field  of  the  space  environment  at  the  geo¬ 
stationary  orbital  altitude; 

•  to  transmit  via  digital  radio  channels  televi¬ 
sion  images,  temperature  and  radiation  and 
magnetrometric  information  to  the  Main  and 
regional  data  receiving  and  processing  cen¬ 
ters; 

•  to  acquire  the  information  from  Soviet  and 
international  data  collection  platforms 
(DCPs),  located  in  the  GOMS  radio  visibil¬ 
ity,  and  to  transmit  the  obtained  information 
to  the  main  and  regional  data  and  process¬ 
ing  centers; 

•  to  retransmit  the  processed  meteorological 
data  in  the  form  of  facsimile  or  alphanumer¬ 


ical  information  from  the  receiving  and  pro¬ 
cessing  centers  to  the  independent  receiv¬ 
ing  stations  via  satellites; 

•  to  provide  the  exchange  of  high-speed  digi¬ 
tal  data  (retransmissions  via  the  satellite) 
between  the  Main  and  regional  centers  of 
the  USSR  State  Committee  for  Hydromete¬ 
orology; 

•  to  call  for  the  data  collection  platforms  to 
transmit  the  information  to  the  satellite.” 
(Reference  661) 

The  GOMS  network  will  eventually  consist 
of  three  spacecraft  spaced  90°  apart  in  the  geo¬ 
stationary  ring:  at  14°  W,  76°  E,  and  166°  E. 
Each  2.6-metric-ton  spacecraft  will  have  a  pay- 
load  capacity  of  650-900  kg  with  an  estimated 
operational  lifetime  of  at  least  three  years.  The 
satellites  will  be  3-axis-stabilized  and  receive  a 
maximum  of  1.5  kW  (900  W  for  the  payload) 
produced  by  two  rectangular  solar  arrays  (Fig¬ 
ure  4.80).  Twelve  communications  channels  will 
link  the  spacecraft  to  the  receiving  and  process¬ 
ing  centers,  the  independent  data  receiving 
center,  and  the  data  collection  platforms.  The 
main  data  receiving  and  processing  center  is  in 
the  Moscow  region  while  two  regional  centers 
are  located  at  Tashkent  and  Khabarovsk  (Fig¬ 
ure  4.81). 

The  Eiektro  spacecraft  instrument  suite  is 
summarized  in  Table  4.6,  although  the  6-7  |xm 
scanning  radiometer  might  not  appear  until  the 
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FIGURE  4.80  ELEKTRO  SATELLITE. 

second  mission.  The  telephotometer  is  iimited 
to  a  total  of  24  frames  per  day  (each  framing 
session  lasts  30  minutes  of  which  15-20  min¬ 
utes  is  imaging  time),  and  oniy  4-5  frames  can 
be  successively  taken  at  the  30  minute  per- 


frame  imaging  rate.  This  high  frame  rate  will 
normally  be  employed  around  0000  and  1200 
GMT,  in  part,  to  permit  the  calculation  of  wind 
speed  and  direction  data.  DCP  information  will 
be  collected  and  transmitted  at  three-hour  inter¬ 
vals  each  day,  I.e.,  0300  GMT,  0600  GMT,  etc. 
(References  661-663). 

Elektro  1  was  finally  launched  on  31  Octo¬ 
ber  1994.  Malfunctioning  of  the  local  vertical 
sensor  and  the  attitude  control  system  delayed 
the  positioning  of  the  spacecraft  (Figure  4.82)  at 
its  intended  location  of  76°  E,  but  by  early 
December  Elektro  1  was  on  station.  However, 
problems  with  the  local  vertical  sensor  contin¬ 
ued  to  plague  the  spacecraft,  and  useful  images 
were  not  immediately  available  (References 
664-667). 

In  the  late  1970’s  the  USSR  began  testing  a 
series  of  new  instruments  which  would  comple¬ 
ment  the  standard  meteorological  payloads 
while  at  the  same  time  would  provide  specific 
data  on  ocean  and  ice  conditions.  The  heavy 


FIGURE  4.81  GOMS  METEOROLOGICAL  NETWORK. 
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TABLE  4.6  ELEKTRO  INSTRUMENT  SUITE. 


INSTRUMENT 

NUMBER  OF 
SPECTRAL 
BANDS 

GROUND 

RESOLUTION 

KM 

SCAN 

LINES 

PER FRAME 

SCANNING 

TELEPHOTOMETER 

1 

0. 4-0.7 

1.25 

8000 

SCANNING 

IR-RADIOMETER 

1 

10.5-12.5 

6.5 

1400 

SCANNING 

IR-RADIOMETER 

1 

6-7 

6.5 

1400 

RADIATION 

MEASUREMENT 

COMPLEX 

(PMK) 

REGISTRATION  OF  FLOW  DENSrTY:  0.04-1 .7  MeV  (ELECTRONS) 

0.5-90  MeV  (PROTONS) 

5-12  MeV  (ALPHA) 

>  600  MeV  (COSMIC  RADIATION) 

reliance  of  the  USSR  on  its  merchant  marine 
fieet  for  both  domestic  and  international  com¬ 
merce,  particularly  in  the  northern  iatitudes 
which  are  subject  to  extreme  environmental 
conditions,  prompted  the  State  Committee  on 
Hydrometeorology  to  develop  specialized 
spacecraft  capabie  of  providing  direct  opera¬ 
tional  assistance  to  ships  at  sea  as  weli  as  to  a 


FIGURE  4.82  ELEKTRO  1  IN  INTEGRATION. 


host  of  other  government  agencies  and  civilian 
and  miiitary  organizations. 

After  testing  various  equipment  on  four 
spacecraft  (Kosmos  1076,  Kosmos  1151,  Inter- 
kosmos  20,  and  Interkosmos  21)  launched  dur¬ 
ing  1979-1981,  the  first  prototype  Okean  satei- 
lite  (Okean-OE)  was  orbited  in  1983  as  Kosmos 
1500  and  was  followed  by  Kosmos  1602  (1984), 
Kosmos  1766  (1986),  and  Kosmos  1869  (1987). 
The  first  operational  spacecraft  (Okean-0)  was 
launched  in  1988  as  Okean  1  and  was  joined  in 
1 990  by  Okean  2. 

This  Okean-0  program  is  designed 
“•  to  estimate  the  potentiai  reserves  of  the 
energy  of  tides  and  the  accumu-lated 
energy  of  soiar  radiation; 

•  to  study  the  Worid  Ocean  as  a  globai 
damper  and  regulator  of  heat  and  moisture 
content  of  the  atmosphere; 

•  to  detect  zones  of  upweliing  and  higher  bio¬ 
productivity; 

•  to  study  subsurface  circular  eddies  and 
their  effect  on  the  formation  of  destructive 
cyciones  and  typhoons; 

•  to  ensure  the  safety  of  navigation  and  con- 
troi  of  the  ice  situation  in  the  Arctic  and  Ant¬ 
arctic; 

•  to  study  the  dynamics  of  sea  currents,  and 
the  processes  of  seif-purification  of  sea 
water  and  cleansing  of  river  effluents;  and 

•  to  control  the  intensity  of  poiiution  of  the 
oceans  with  oil  and  oil  product  discharges.” 
Okean  spacecraft  with  their  eiectro-optical 

and  radar  sensors  are  designed  and  manufac¬ 
tured  by  the  Ukranian  Yuzhnoye  Scientific  Pro¬ 
duction  Association  of  Dnepropetrovsk  and  are 
described  in  detaii  in  Section  4.1.13.  Perhaps 
the  iast  Russian-sponsored  Okean  spacecraft, 
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Okean  4,  was  launched  on  1 1  October  1 994  by 
a  Tsyklon-3  booster  from  the  Plesetsk  Cosmo¬ 
drome  into  an  orbit  of  632  km  by  666  km  at  an 
inclination  of  82.5°.  Okean  4’s  predecessor, 
Okean  3,  had  ceased  working  in  January  of 
1994  (References  668-669). 

In  addition  to  the  meteorological  and  ocean¬ 
ographic  satellites  described  above,  the  Rus¬ 
sian  Federation  has  operated  seven  different 
types  of  spacecraft  since  1991  to  perform  a 
wide  variety  of  global  remote  sensing  observa¬ 
tions.  More  advanced  spacecraft  are  already  in 
the  design  and  development  phase  for  possible 
missions  later  in  this  decade.  However,  together 
the  satellites  represent  a  level  of  redundancy 
which  suggests  that,  in  the  difficult  financial 
conditions  now  present  in  the  Russian  Federa¬ 
tion,  not  all  spacecraft  classes  will  continue  to 
be  supported. 

The  Resurs-0  program,  which  is  analogous 
to  the  US  Landsat  program,  became  opera¬ 
tional  in  1985  after  more  than  ten  years  of  on- 
orbit  testing.  Designed  and  manufactured  by  the 
All-Union  Research  Institute  for  Electromechan¬ 
ics,  the  Resurs-01  spacecraft,  not  surprisingly, 
closely  resemble  the  Meteor  series  of  satellites 
from  which  they  were  derived.  In  fact,  the 
Resurs-O  development  program  utilized  two 
Meteor  satellites  (Meteor  1-18  and  Meteor  1-25) 
and  five  Meteor-Priroda  vehicles  (1977-1983)  to 
perfect  the  instruments  and  techniques  finally 
adapted  for  Resurs-01.  The  Meteor-Priroda 
satellites  also  marked  the  first  use  of  sun-syn¬ 
chronous  orbits  by  the  USSR. 

Program  management  for  the  Resurs-0 
effort  was  originally  the  responsibility  of  the 
State  Committee  on  Hydrometeorology.  In  1989 
the  Planeta  NPO  was  formed  under  this  organi¬ 
zation  to  consolidate  the  meteoro-logical  and 
remote  sensing  satellite  systems  of  the  USSR. 
Subsequently,  the  Planeta  NPO,  the  All-Union 
Research  Institute  of  Electromechanics,  and  the 
Space  Instrument  Building  NPO,  which  was 
responsible  for  many  of  the  payload  instru¬ 
ments,  formed  the  Soviet  Association  for  Earth 
Remote  Sensing  (SOVZOND)  to  promote 
Resurs-0  products  on  a  commercial  basis. 

Resurs-0  spacecraft  are  placed  into  nomi¬ 
nal  orbits  of  630  km  altitude  and  an  inclination 
of  98°.  Each  mission  is  conducted  to  ensure 
that  the  spacecraft’s  descending  node  will  occur 
between  10:00  and  10:30  a.m.  local  sun  time, 
thereby  providing  excellent  lighting  conditions 


for  the  complex  sensor  suite.  The  objectives  of 
the  Resurs-0  program  are  as  follows: 

“•  to  obtain  in  both  real-time  and  store-and- 
forward  modes  multispectral  sensor  infor¬ 
mation  with  medium  and  high  resolution  in 
visible  and  IR  bands  to  provide  data  for  land 
and  ocean  states  in  any  region  of  the  globe; 

•  to  obtain  in  the  same  modes  the  all-weather 
relay  images  of  the  land  ocean  with  medium 
resolution; 

•  to  process  the  obtained  data  and  images, 
and  to  perform  their  radiometric,  geometric 
and  geographical  correction; 

•  to  represent  and  distribute  the  obtained 
data  in  the  form  of  single-spectral  and  syn¬ 
thesized  multispectral  images  on  the  pho¬ 
tos,  negatives,  and  digital  recordings  on  the 
various  media  (tapes,  diskettes);  and 

•  to  obtain  and  disseminate  thematic  maps 
and  charts  concerning  various  aspects  of 
Earth  natural  resources  exploration,  envi¬ 
ronmental  control  and  ecological  monitor¬ 
ing"  (Reference  670). 

The  Resurs-01  spacecraft  bus  is  almost 
identical  to  that  of  the  Meteor  3  vehicle  with  a 
total  mass  of  1,840-1,910  kg,  including  a  pay- 
load  of  up  to  600  kg  (Figure  4.83).  The  space¬ 
craft  diameter  is  1.4  m  with  an  overall  height  of 
6.4  m  and  a  solar  array  span  of  11.6  m.  The 
payload  support  structure  at  the  base  of  the 
spacecraft  is  tailored  for  each  mission  to 
accommodate  the  specific  instruments  to  be 
carried.  For  example,  of  the  three  primary 
instruments  available  (Table  4.7),  the  first 
Resurs-01  (Kosmos  1689)  was  out-fitted  with 
two  MSU-E,  one  MSU-SK,  and  one  MSU-S 
devices,  while  the  second  Resurs-01  (Kosmos 
1939)  omitted  the  MSU-S  and  carried  two  MSU- 
E  and  two  MSU-SK.  The  30-kg  MSU-E  employs 
an  electro-optical  CCD  scanner  for  high  resolu¬ 
tion  and  can  be  used  in  pairs  to  provide  a  con¬ 
tinuous  80-km  wide  swath.  On  the  other  hand, 
the  mechanical  MSU-SK  scanner  weighs  60  kg 
and  combines  a  lower  resolution  capability  with 
a  much  wider  swath.  (References  183-192). 

The  primary  data  collection  and  processing 
stations  for  Resurs-0  are  the  same  as  for 
Okean:  Moscow,  Novosibirsk,  and  Khabarovsk. 
The  principal  data  transmission  link  is  also  simi¬ 
lar  at  466.5  MHz.  A  standardized  small  receiv¬ 
ing  station,  utilizing  a  2.5  m  diameter  antenna 
and  the  Spektr-DKOI  system,  has  been 
designed  for  use  with  both  Okean  and  Resurs- 
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TABLE  4.7  RESURS-01  INSTRUMENTS  FLOWN. 


NUMBER  OF 

BAND 

GROUND 

GROUND 

INSTRUMENT 

SPECTRAL 

WAVELENGTHS 

SWATH 

RESOLUTION 

BANDS 

tiM 

KM 

M 

MSU-SK 

5 

0.5-0.6 

600 

170 

0. 6-0.7 

170 

0.7-0. 8 

170 

0. 8-1.1 

170 

10.4-12.6 

600 

MSUE 

3 

0.5-0.6 

45 

45 

0.6-0.7 

(±350  km 

0. 8-0.9 

off  nadir) 

MSUS 

2 

0.58-0.7 

1380 

240 

0. 7-1.0 

O  spacecraft  when  the  data  links  are  upgraded 
to  the  new  8.2  GHz  system  (Reference  193). 

Kosmos  1939  (April,  1988)  had  far 
exceeded  its  design  lifetime  of  one  year  and 
was  still  operational  when  it  was  joined  by 
Resurs  0-1  on  4  November  1994.  Unlike  earlier 
Resurs-OI  type  spacecraft  which  had  been 
launched  by  Vostok  boosters  from  the  Baikonur 
Cosmodrome,  Resurs  0-1  was  launched  by  a 
Zenit-2  booster  and  was  inserted  into  an  orbit  of 
661  km  by  663  km  with  an  inclination  of  98.0°. 
The  spacecraft  mass  of  1 ,907  kg  was  slightly 
higher  than  earlier  models  and  included  an 
attached  German  SAFIR-R  payload  (Section 
4.1.4).  The  principal  Earth  observation  sensors 
were  MSU-SK  and  MSU-E  instruments  along 
with  an  experimental  PVM-E  local  vertical  sen¬ 
sor  (References  681  -687). 

Originally  scheduled  to  replace  Resurs-01 
in  late  1992,  Resurs-02  represents  an  evolu¬ 
tionary  improvement  of  the  Resurs-O  system 
which  adds  both  a  synthetic  aperture  radar 


FIGURE  4.83  RESURS-01  SATELLITE. 


(SAR)  and  a  microwave  radiometer  capability 
(Figure  4.84  and  Table  4.8).  Resurs-02  not  only 
will  be  heavier  (2,400  kg  with  a  payload  of  900 
kg)  but  also  may  be  placed  in  a  higher,  830-km 
orbit  to  increase  its  coverage  potential.  A 
Resurs-02  variant  specifically  designed  for  Arc¬ 
tic  surveys  is  also  under  consideration. 

The  Resurs-02  payload  will  be  able  to  draw 
up  to  800  W  daily  with  a  peak  power  of  2  kW. 
The  data  transmission  system  will  operate  at 
8.2  GHz  to  the  main  receiving  and  data  pro¬ 
cessing  center  at  Moscow  and  the  regional  cen¬ 
ters  at  Novosibirsk,  Tashkent,  and  Khabarovsk 
as  well  as  with  smaller,  local  stations  (Figure 
4.85).  On-board  data  storage  capacity  will  also 
be  increased  markedly. 

While  the  first  SARs  have  yet  to  fly  on 
Resurs-02,  the  Russian  experts  have  already 
gained  experi-ence  with  this  advanced  technol¬ 
ogy  under  the  Almaz  program.  The  basic  Almaz 
spacecraft  was  first  designed  in  the  1960’s 
under  Chief  Designer  Vladimir  Chelomei  as  a 
military  manned  space  station.  Almaz  was  flown 
three  times  during  the  1970’s  (Salyut  2  in  1973, 
Salyut  3  in  1 974,  and  Salyut  5  in  1 976)  and  its 
civilian  derivative  was  used  for  the  remaining 
Salyut  missions.  The  fourth  Almaz  vehicle  was 
the  first  to  be  equipped  with  a  large,  high  resolu¬ 
tion  SAR  and  was  scheduled  for  launch  in  1 981 . 
However,  a  dispute  between  Chelomei  and  Min¬ 
ister  of  Defense  Ustinov  led  to  a  grounding  of 
the  spacecraft  until  1986  when  it  was  finally 
launched  but  failed  to  reach  orbit  due  to  a  fail¬ 
ure  of  its  Proton  booster.  A  duplicate  satellite 
was  later  flown  during  1987-1989  as  Kosmos 
1 870  (Reference  688). 

An  improved  Almaz,  officially  designated 
Almaz  1,  was  launched  on  31  March  1991 
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TABLE  4.8  PROPOSED  RESURS-02  INSTRUMENT  SUITE. 


INSTRUMENT 

NUMBER  OF 
SPECTRAL 
BANDS 

BAND 

WAVELENGTHS 

GROUND 

SWATH, 

KM* 

GROUND 

RESOLUTION* 

MSU-SK2 

5 

0, 5-0.6  |Lim 

600 

170  m 

0. 6-0.7  urn 

170  m 

0.7-0.8  |im 

170  m 

0.8-1, 1  [im 

170  m 

10.4-12.6  m 

600  m 

MSU-E2 

3 

45 

20  m 

0.6-0.7  ^im 

(±350  km 

0.8-0.9  um 

HIEiliSDflH 

RLS-BO 

1 

23  cm 

100 

200  X  200  m 

SYNTHETIC 

(on-board  processing) 

APERATURE 

RADAR 

50  X  200  m 

(ground  processing) 

DELTA-2P 

4 

0.8  cm 

1200 

MULTI-CHANNEL 

1.35  cm 

MICROWAVE 

2.2  cm 

RADIOMETER 

4.5  cm 

*  These  values  dependent  on  operational  altitude. 


(eight  months  after  its  target  date)  into  an  initial 
operational  orbit  of  approximately  270  km  with 
an  inclination  of  72.7°,  slightly  higher  than  the 
71.9°  inclination  of  Kosmos  1870.  The  primary 
manufacturer  and  integrator  of  Almaz  1  was  the 
Machine  Building  NPO  using  the  former  Che- 
lomei  facilities  in  the  Moscow  suburb  of  Reutov. 
The  principal  radar  payload  was  contributed  by 
the  Vega  NPO.  The  observation  program  was 
prepared  with  the  assistance  of  the  State  Com- 


FIGURE  4.83  RESURS-02  SATELLITE. 


mittee  on  Hydrometeorology,  the  State  Geod¬ 
esy  Committee,  the  Ministry  of  Nature  Manage¬ 
ment,  and  the  USSR  Academy  of  Sciences. 

The  initial  on-orbit  mass  of  Almaz  1  was 
18,500  kg  with  sufficient  propellants  to  maintain 
the  vehicle  at  a  low  altitude  for  up  to  two  years 
and  to  provide  for  a  controlled  reentry  over  a 
broad  ocean  area  at  the  end  of  mission.  The 
spacecraft  core  consisted  of  two  joined  cylin¬ 
ders  with  a  length  of  12  m  and  a  maximum 
diameter  of  the  larger  cylinder  of  4.2  m.  This 
basic  space  station  structure  (similar  to  Salyut 
and  Mir)  has  an  interior  volume  of  90  m3  which 
is  maintained  at  standard  temperatures  and 
pressures. 

Attached  to  the  spacecraft  bus  were  two 
solar  panels  capable  of  generating  a  mean 
power  of  2.4  kW  and  a  peak  power  of  7.5-10  kW 
and  two  3-piece  SAR  antennas  (1.5  m  by  15  m) 
along  either  side  of  the  spacecraft.  At  the  for¬ 
ward  end  of  Almaz  1  between  the  two  SAR 
antennas  were  two  phased-array  antennas  to 
permit  real  time  data  transfers  via  a  geosyn¬ 
chronous  relay  satellite.  Two  small  dish  com¬ 
mand  and  control  and  data  transmission  anten¬ 
nas  were  located  at  the  aft  end  of  Almaz  1 ,  and 
a  separate  data  transmission  antenna  extended 
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FIGURE  4.85  RESURS-02  DATA  COLLECTION  AND  DISTRIBUTION  NETWORK. 


upward  from  the  spacecraft’s  midsection  (Fig¬ 
ure  4.86). 

Almaz  spacecraft  can  carry  a  payload  of  4- 
6.5  metric  tons.  On  Almaz  1  this  was  divided 
between  the  SAR  and  a  multi-channel  micro- 
wave  radiometer  operating  at  6-37.5  GHz  with  a 
swath  of  600  km  and  a  resolution  of  10-30  km. 
The  SAR  transmitted  at  a  frequency  of  3  GHz 
with  an  average  power  of  80  W  and  a  peak 
power  of  1 90  kW.  A  typical  radar  image  covered 
a  region  20-45  km  wide  and  20-240  km  long 
with  a  resolution  of  15-30  m.  However,  Almaz  1 
could  aim  its  coverage  over  a  swath  at  least  350 
km  wide.  Unfortunately,  the  failure  of  one  of  the 
SAR  antennas  to  deploy  fully  rendered  that  side 
inoperable.  The  main  data  reception  center  was 
located  in  Moscow  region,  although  designs  for 
data  processing  stations  outside  the  USSR/CIS 
with  a  VAX-11/785,  two  MicroVAX  H’s,  and  four 
IBM  PS/2-80’s  have  been  created  (References 
689-692). 

Originally,  a  second  Almaz  1-type  space¬ 
craft,  with  some  payload  modifications,  was  to 
be  launched  in  1993  on  a  two-year  mission.  In 


particular,  Almaz-1  B  would  carry  three  synthetic 
aperture  radars:  SAR-10  (9.6  cm  wavelength,  5- 
40  m  resolution,  25-300  km  swath),  SAR-70  (70 
cm  wavelength,  15-60  m  resolution,  100-150 
km  swath),  and  a  3.6-cm  wavelength  SAR. 
Multi-spectral  scanners,  including  MSU-E  and 
MSU-SK,  would  also  be  carried  as  well  as  a 
Balkan-2  lidar.  However,  a  lack  of  funding  has 
postponed  the  flight  of  Almaz-1  B  to  late  1997  at 
the  earliest. 

Likewise,  plans  for  even  more  sophisticated 
and  capable  Almaz  2  spacecraft  (Figure  4.87) 
have  been  delayed  until  near  the  turn  of  the 


FIGURE  4.86  ALMAZ  1  SATELLITE. 
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century.  Almaz  2’s  payload  mass  of  6.5  metric 
tons  would  be  powered  by  solar  arrays  with  a 
maximum  beginning-of-life  average  power  rat¬ 
ing  of  3.8  kW.  More  than  three  metric  tons  of 
propellants  would  be  available  for  a  mission 
duration  of  up  to  five  years  at  an  aititude  of  600 
km  (References  693-703). 

One  of  the  oldest  and  still  highly  capable 
methods  of  performing  space-based  Earth 
observations  is  basic  photography  in  one  or 
more  spectral  bands  with  return  of  the  fiim  to 
Earth  for  deveiopment  and  analysis.  This  tech¬ 
nique  was  first  perfected  in  the  USSR  in  1962 
but  was  not  officiaiiy  converted  into  a  civii-ori- 
ented  system  until  1979.  Until  recently,  two  sim¬ 
ilar  types  of  3rd  generation  spacecraft,  Resurs- 
F1  and  Resurs-F2,  have  been  fiown  severai 
times  a  year  for  the  Russian  Ministry  of  Ecoiogy 
and  Naturai  Resources.  The  Resurs-FI  pro¬ 
gram  apparently  ended  in  1993,  and  the  iast 
Resurs-F2  mission  was  expected  in  1995. 
Plans  to  introduce  improved  Resurs-FI  M  and 
Resurs-F2M  may  be  abandoned. 

With  two  missions  in  1993,  the  Resurs-FI 
program  achieved  50  orbital  flights  (and  two 
launch  failures)  during  its  14-year  operation 
with  missions  lasting  up  to  23  days.  Based  on 
the  Vostok  spacecraft  developed  in  the  late 
1950’s,  Resurs-FI  spacecraft  were  designed 
and  manufactured  at  the  Samara  (formerly  Kuy- 
byshev)  Photon  Design  Bureau  and  the 
Progress  Piant  both  of  the  Centrai  Specialized 
Design  Bureau.  The  Resurs-FI  vehicle, 
launched  by  the  Soyuz-U  booster  from 
Plesetsk,  is  7  m  long  with  a  maximum  diameter 
of  2.4  m  and  a  mass  of  6,300  kg  and  is  com¬ 


prised  of  three  major  modules  (Figure  4.88). 

The  centrai  portion  of  the  spacecraft  is  a 
sphere  of  2.3  m  diameter  and  a  mass  of  about 
2.4  metric  tons  containing  the  photographic 
apparatus,  electronic  control  equipment,  and 
the  recovery  system.  This  section  is  secured  to 
a  3  m  iong,  2.4  m  wide  service  and  reentry  pro- 
puision  moduie  with  four  straps  which  are 
reieased  after  retrofire.  On  the  opposite  end  of 
the  recoverabie  capsule  is  a  1 .9  m  by  1  m  pro- 
puision  unit  used  for  minor  orbitai  adjustments. 
The  propulsion  unit  is  also  jettisoned  prior  to 
reentry  and  may  carry  additionai,  reieasabie 
payloads  (up  to  75  cm  by  90  cm)  for  secondary 
missions.  Secondary  payloads  up  to  30  kg  or 
more  can  also  be  carried  inside  or  outside  the 
recoverabie  capsule  for  return  to  Earth. 

Two  photographic  systems  are  normaily 
avaiiable  on  Resurs-FI  missions:  the  SA-20M 
with  a  KFA-1000  camera  and  the  SA-34  with  its 
KATE-200  camera.  The  former  operates  in  two 
spectral  bands  (0.57-0.68  pm  and  0.68-0.81 
pm)  with  a  ground  swath  of  80  km  and  a  resolu¬ 
tion  of  5-8  m.  Up  to  1,800  frames  measuring 
300  mm  by  300  mm  may  be  taken  on  each  mis¬ 
sion.  The  SA-34  operates  in  three  spectral 
bands  (0.51-0.60  pm,  0.60-0.70  pm,  and  0.70- 
0.85  pm)  with  a  ground  swath  of  225  km  and  a 
resolution  of  15-30  m.  The  SA-34  has  a  capac¬ 
ity  of  1,200  frames,  each  180  mm  by  180  mm. 
Aii  fiim  frames  of  both  systems  are  etched  with 
codes  to  identify  vital  camera  parameters, 
including  camera  and  frame  number,  fiim  num¬ 
ber,  focal  length,  and  timing  codes  (References 
704-709). 
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FIGURE  4.87  ALMAZ  2  SATELLITE. 


218 


FIGURE  4.88  RESURS-F1  SATELLITE. 

Each  Resurs-F1  spacecraft  carries  multiple 
camera  systems.  The  Priroda  4  payload  config¬ 
uration  includes  two  SA-20M  and  three  SA-34 
devices.  One  of  the  SA-34’s  is  linked  to  a  SA-33 
stellar  camera  to  provide  simultaneous  star 
backgrounds  for  precise  geographical  location 
determination.  The  SA-34  survey  regions  are 
aligned  with  common  axes,  but  the  SA-20M 
cameras  are  each  oriented  8°  off  nadir  for  a 
total  separation  of  16°  between  the  camera 
axes,  permitting  a  5%  image  overlap  when  both 
systems  are  operated  simultaneously.  Six 
modes  of  operation  are  possible  with  2-5  cam¬ 
era  systems  operating  at  one  time.  Although 
the  maximum  spacecraft  lifetime  is  25  days,  the 
electrical  system  fed  only  by  storage  batteries 
limits  active  operations  to  no  more  than  14 
days.  The  last  two  Resurs-FI  missions  were 
flown  in  1993  as  Resurs-F  18  (June-July)  and 
Resurs-F  19  (August-September),  both  on  17- 
day  missions. 

In  1987  a  more  capable  version  of  the 
Resurs-FI,  called  Resurs-F2,  began  opera¬ 
tions.  The  most  significant  improvement  was 
the  addition  of  two  small  solar  arrays  attached 


to  the  base  of  the  orbital  propulsion  unit  which 
permitted  active  missions  for  up  to  a  full  month 
(Figure  4.89).  The  first  mission  in  late  1987  by 
Kosmos  1906  was  not  entirely  successful,  and 
the  spacecraft  was  intentionally  destroyed  in 
orbit.  Four  more  missions  were  conducted  dur¬ 
ing  1988-1990,  followed  by  three  flights  in  1991- 
1992. 

The  Resurs-F2  photographic  system  differs 
from  that  of  its  predecessor.  The  SA-M  system 
with  its  MK-4  camera  combines  the  high  resolu¬ 
tion  of  the  SA-20M  with  the  multi-spectral  capa¬ 
bility  of  the  SA-34.  Resurs-F2  offers  a  ground 
swath  of  1 50  km  with  a  resolution  of  5-8  m  in  six 
spectral  bands  from  0.40  pm  to  0.86  pm.  As 
many  as  2,700  photographs  with  image  motion 
compensa-tion  and  frames  180  mm  by  180  mm 
can  be  shot  on  a  single  mission.  The  SA-M  is 
also  linked  to  the  SA-3R  stellar  camera  which 
serves  the  same  purpose  as  the  Resurs-FI ’s 
SA-33  (References  704-709). 

Prior  to  1991,  Resurs-F2  spacecraft  would 
normally  maintain  a  mean  altitude  of  between 
260  km  and  270  km,  requiring  only  two  orbital 
maneuvers  per  30-day  mission.  Beginning  with 
Resurs-F  10  (21  May  1991),  a  new  profile  was 
chosen  with  mean  altitudes  between  225  km 
and  235  km  but  with  a  corresponding  require¬ 
ment  to  perform  orbital  adjustments  more  fre¬ 
quently,  e.g.,  six  times  per  mission.  This  pattern 
had  previously  been  used  primarily  by  the 
fourth-generation,  topographic  mapping  satel¬ 
lites  which  debuted  in  1981  and  are  flown  at 


FIGURE  4.89  RESURS-F2  SATELLITE. 
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inclinations  of  65°  and  70°.  The  subsequent 
Resurs-F2  flights,  Resurs-F  13  (21  August 
1991)  and  Resurs-F  14  (29  April  1992),  were 
virtually  identical  to  Resurs-F  10,  both  in  char¬ 
acter  and  duration.  Resurs-F  17  (May-June 
1993),  the  only  Resurs-F2  of  the  1993-1994 
period,  also  followed  this  pattern. 

Reference  to  a  Resurs-F3  spacecraft 
appeared  in  1994,  and  it  now  appears  that  this 
designation  applies  to  the  Resurs-T  satellite 
flown  for  the  Ministry  of  Defense.  The  space¬ 
craft  is  virtually  identical  to  the  Resurs-FI  but 
carries  the  KFA-3000  camera  system  with  2-3 
m  resolutions.  Two  Resurs-T  missions  were 
flown  during  1993-1994:  Kosmos  2260  (July- 
August  1993)  and  Kosmos  2281  (June  1994) 
(References  708  and  710). 

During  1992  the  Russian  Federation  made 
available  to  the  commercial  market  Earth  obser¬ 
vation  photography  acquired  by  military  photo¬ 
graphic  reconnaissance  satellites.  In  particular, 
two  types  of  analog  optical  images  taken  by  the 
more  modern  fourth-generation  satellites  were 
made  available.  Ten-meter  resolution  stereo 
photographs  taken  by  the  TK-350  camera, 
which  is  a  product  of  the  Belorussia  Optical 


Camera  Company,  cover  a  region  of  180  km  by 
270  km  with  256  gray  values.  Higher  resolution, 
two-meter  photographs  from  the  KVR-1000 
camera  provide  similar  gray-level  sensitivity  but 
over  a  much  smaller  area  of  40  km  by  40  km 
(References  711-713).  Since  these  missions 
remain  primarily  of  a  military  nature,  they  are 
described  more  fully  in  Section  6.1.5. 

As  early  as  1989  Russian  officials  indicated 
that  future  civil  Earth  observation  satellites  may 
employ  digital  electronic  transmission  tech¬ 
niques  in  realtime  or  near-realtime  like  the  cur¬ 
rent  fifth-generation  military  photographic 
reconnaissance  satellites.  This  capability  may 
soon  be  reaiized  under  the  new  Resurs-Spektr 
program.  Resurs-Spektr  V  spacecraft  (Figure 
4.90)  appear  to  be  modified  fifth-generation  sat¬ 
ellites  and  reportedly  will  produce  3-5  m  resolu¬ 
tion  stereo  images.  Almaz-class  phased-array 
antennas  enable  downlinks  via  geostationary 
relay  satellites.  A  second  Resurs-Spektr  vari¬ 
ant,  Resurs-Spektr  Rl  (Figure  4.91),  with  a  side- 
looking  radar  has  also  been  proposed  (Refer¬ 
ences  714-715).  Another  possible  replacement 
for  the  Resurs-F  class  of  spacecraft  is  an  imag¬ 
ing  variant  of  the  Kuban  spacecraft  which  has 


FIGURE  4.90  RESURS-SPEKTR  V  SATELLITE. 
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FIGURE  4.91  RESURS-SPEKTR  Rl  SATELLITE. 


been  under  development  for  several  years  for 
microgravity  research  (Section  4.4.7)  (Refer¬ 
ence  716). 

An  extensive  suite  of  Earth  observation 
instruments  is  currently  operational  on  the  Mir 
space  station.  Although  only  a  pair  of  devices 
were  carried  abroad  Mir  at  its  launch  in  1 986, 
sixteen  major  systems  have  been  deployed  to 
the  Mir  core  module  or  the  Kvant  2  and  Kristall 
auxiliary  modules: 

Mir  Core  Module: 

EFO-1  electronic  photometer  for  studies 
of  atmospheric  aerosols  and  dust 
Haselblad  camera 

KATE-140  topographic  camera  (50-m 
resolution) 

MKS-M  multi-band  spectrometer  (0.4- 
0.9  |im) 

PCN  spectrometer 

Sever  topographic  camera  (used  in 
conjunction  with  KATE-140) 

Skif  spectrometer  (0.4-1. 1|im) 
Spektr-256  multi-band  spectrometer 
(256  channels  in  visible  and  IR) 


Terra  impulse  photometer  for  the  study 
of  atmospheric  optical  emissions 
Kvant  2  Module: 

AFM-2  for  study  of  the  atmosphere  and 
pollutants 

Gamma  2  video  spectropolarimeter 
ITS-7D  spectrometer 
KAP-350  topographic  camera 
MKF-6MA  multi-spectral  camera 
(0.5-0.9|a.m,  10-15  m  resolution) 
MKS-M2  multi-band  spectrometer 
Kristall  Module: 

Priroda  5  multi-purpose  high  resolution 
(5  m)  camera 

Existing  plans  call  for  the  launch  in  late 
1995  of  the  Priroda  (Nature)  auxiliary  module  to 
augment  substantially  the  Earth  observa-tion 
capabilities  of  the  Mir  space  station  complex. 
With  a  basic  structure  mass  of  1 9.7  metric  tons, 
a  volume  of  more  than  66  m3,  a  length  of 
approximately  12  m  (without  solar  panel  deploy¬ 
ment)  and  a  maximum  diameter  of  4.35  m, 
Priroda  is  the  most  sophisticated  and  complex 
Earth  observation  spacecraft  undertaken  by  the 
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Russian  Federation  (Figure  4.92).  The  overall 
mission  objectives  of  the  Priroda  module  are 
the: 

“•  determination  of  the  atmospheric-ocean 
system  characteristics; 

•  measurements  of  the  land  local  characteris¬ 
tics: 

•  measurement  of  optical  characteristics  of 
the  atmosphere; 

•  investigation  of  the  sea  surface  roughness 
state; 

•  comparison  of  radiation  and  reflection  char¬ 
acteristics  of  the  sea  surface  in  the  micro- 
wave  range;  and 

•  measurements  of  the  concentrations  of 
trace  gases  in  the  atmosphere.” 

The  principal  Earth  observation  instru¬ 
ments  to  be  carried  by  the  Priroda  are 
described  in  Table  4.9.  The  Delta-2P  and  Ikar-N 
radiometers  and  the  Travers  synthetic  aperture 
radar  have  been  designed  by  the  Moscow 
Energy  Institute,  while  the  Russian  Academy  of 
Sciences’  Institute  of  Space  Research  is  re¬ 
sponsible  for  the  Obzor  spectrometer.  The  Mos¬ 
cow  Energy  Institute  has  also  developed  the 
2.25-cm  wavelength  Greben  radar  altimeter 
which  will  provide  precise  altitude  data  with  an 
accuracy  of  0.1  m  for  correlation  with  the  Earth 
observation  systems.  The  MSU-E  and  MSU-SK 
multi-spectral  scanners  are  being  provided  by 


the  Space  Instrument  Building  NPO,  and  the 
lstok-1  spectrometer  is  a  product  of  the  Acad¬ 
emy’s  Institute  of  Physics. 

The  module  will  be  powered  by  a  35  m2 
array  with  a  generating  capacity  of  4.2  kW  but 
an  average  daily  power  availability  of  only  0.5- 
1 .0  kW.  Peak  loads  of  up  to  7  kW  will  be  possi¬ 
ble.  Finally,  the  Centaur  data  acquisition  sys¬ 
tem,  similar  to  the  Okean  Condor  system,  will 
be  operated  for  the  collection  of  environmental 
information  from  various  terrestrial  sites.  The 
Centaur  system  was  created  by  the  Moscow 
Energy  Institute  (References  717-719). 

The  other  major  module  yet  to  be  attached 
to  the  Mir  space  station  is  known  as  Spektr.  Of 
similar  size  and  mass  as  Priroda,  Spektr  will  be 
used  to  conduct  a  wide  assortment  of  studies, 
including  “investigations  of  the  surface-atmo¬ 
sphere  system  and  studies  of  the  Earth’s  natu¬ 
ral  resources.”  Specific  Earth  observations 
instruments  earmarked  for  Spektr  are  the 
Oktava  optical  system  developed  by  the  USSR/ 
Russian  Academy  of  Sciences,  the  Kometa 
TsNPO,  and  the  Kazan  Optical-Mechanical 
Works  for  investigations  of  the  surface-atmo¬ 
sphere  system  via  the  Pion-K,  Lira,  and  the 
Buton  devices;  the  Balkan  1  apparatus  devel¬ 
oped  by  the  Siberian  branch  of  the  USSR/Rus¬ 
sian  Academy  of  Sciences  for  lower  atmo¬ 
sphere  measurements;  the  Faza  and  Feniks 
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TABLE  4.9  PLANNED  PRIRODA  MODULE  EARTH  OBSERVATION  INSTRUMENTS. 


INSTRUMENT 

NUMBER  OF 
SPECTRAL 
BANDS 

BAND 

WAVELENGTHS 

GROUND 

SWATH 

GROUND 

RESOLUTION 

IKAR-D 

4 

0.3  cm 

400  km 

■HSBI 

SCANNING 

0.8  cm 

RADIOMETER 

1.35  cm 

15  km 

4.0  cm 

30  km 

IKAR-N 

5 

0.3  cm 

60  km 

STARING 

0.8  cm 

RADIOMETER 

1.35  cm 

2.25  cm 

60  km 

6.0  cm 

60  km 

IKAR-P 

2 

2.25  cm 

750  km 

PANORAMIC 

6.0  cm 

RADIOMETER 

ISTOK-1  IR 

64 

4.0-16.0  \im 

7  km 

0.7  X  2.8  km 

SPECTROMETER 

MOZ-OBZOR 

17 

0.415-1.03  \irr\ 

60  km 

600  m 

MULTI-SPECTRAL 

SPECTROMETER 

MSU€ 

3 

0.5-0.6  fim 

27  km 

MULTI-SPECTRAL 

0.6-0. 7  p.m 

SCANNER 

0. 8-0.9  )Lim 

25  m 

MSU-SK 

5 

0.53-0.59  \ivr\ 

350  km 

120  m 

MULTI-SPECTRAL 

0.61-0.69  p.m 

120  m 

SCANNER 

0.7-0.8  \irt) 

120  m 

0.9-1. 0  ^im 

120  m 

10.4-12.6  urn 

400  m  (?) 

oza^-M 

UNK 

0.26-1.02  ^m 

- 

SPECTROMETER 

TRAVERS 

2 

9.2  cm 

80  km 

100  m 

SAR 

23.0  cm 

100  m 

ALISA  AEROSOL 

1 

.532  urn 

— 

LIDAR  (FRANCE) 

instruments  produced  by  the  Estonian  Academy 
of  Sciences  and  the  Integral  design  office  of  the 
Lenningrad  State  University  for  spectral  analy¬ 
sis  of  the  Earth’s  surface;  and  the  Astra  2  sen¬ 
sor  from  the  State  Committee  on  Hydrometeo¬ 
rology  to  measure  gas  and  ionization  levels  in 
the  upper  atmosphere.  Modifications  to  Spektr 
in  accordance  with  the  Shuttle-Mir  program  may 
result  in  some  of  these  instruments  being 
deleted  (Reference  720). 

Numerous  proposals  have  been  made  for 
both  relatively  simple  and  extremely  sophis¬ 
ticated  ecological  monitoring  systems  which 
could  be  fielded  near  or  after  the  turn  of  the 
century.  In  1990  the  Institute  of  Space 
Research  suggested  the  EKOS  program  of  rela¬ 
tively  small  LEO  satellites  with  a  maiden  mis¬ 


sion  possible  by  1996  (Reference  721).  An 
international  effort,  managed  by  the  USSR 
Academy  of  Sciences,  evolved  into  the  EKOS-A 
and  EKOS-D  projects.  The  former  would  utilize 
a  Regatta-class  satellite  (Section  5.2.5)  in  a 
halo  orbit  1 .7  million  km  above  the  Earth  and  a 
Resurs-EKOS  satellite  in  a  900-km,  sun-syn¬ 
chronous  orbit.  The  objectives  of  EKOS-A 
would  be  to  understand  the  effects  of  solar 
activity,  the  ozone  layer,  atmospheric  pollut¬ 
ants,  large  scale  atmospheric  eddies,  and  over¬ 
all  climate  on  the  biosphere.  EKOS-D  would 
examine  and  forecast  local  natural  resources 
and  ecological  processes  with  large  spacecraft, 
including  space  stations. 

The  Lavochkin  NPO  has  designed  a  variety 
of  remote  sensing  spacecraft  based  on  a  new 
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3.5-metric-ton,  4-kW  satellite  bus  named 
Freight  which  could  be  launched  from  the 
Baikonur  Cosmodrome  on  converted  SS-18 
ICBM’s.  The  two  principal  remote  sensing  ver¬ 
sions  of  Freight  (other  variants  can  support 
technological,  materials  science,  and  biological 
science  experiments)  are  EKOL  and  Ozone. 
The  configuration  of  the  5.2-metric-ton  EKOL 
(Figure  4.93)  has  varied  with  potential  SAR  (30- 
100  m  resolutions)  and  multi-spectral  (0.4-10.3 
pm  with  5-10  m  resolution)  instruments.  Ozone 
would  carry  a  lidar  (0.8  m  diameter  mirror)  at 
altitudes  of  600-900  km  to  study  ozone  concen¬ 
trations  as  part  of  its  5-metric-ton  mass. 
Another  Lavochkin  project  called  Monitor  envi¬ 
sions  a  small,  600-kg  spacecraft  launched  by  a 
Kosmos  booster  for  moderate  resolution  Earth 
observations  in  the  0.4-12.5  pm  band  (Refer¬ 
ence  722). 

The  Salyut  Design  Bureau  of  the  Khru- 
nichev  State  Space  Scientific  Production  Cen¬ 
ter,  with  its  long  history  of  development  of  large 
spacecraft,  proposed  in  1991  an  unmanned, 
free-flying  space  station  named  Tellura-EKO. 
Based  on  the  current  series  of  augmentation 
modules  designed  for  the  Mir  space  station, 
Tellura-EKO  (Figure  4.94)  would  have  a  total 


FIGURE  4.94  TELLURA-EKO  SATELLITE. 


mass  of  approximately  20  metric  tons,  half  of 
which  would  be  available  for  the  remote  sensing 
payload.  With  a  basic  maximum  diameter  of  4.4 
m  and  a  length  of  12  m,  the  vehicle  would  use 
two  large  solar  arrays  to  generate  up  to  5  kW  of 
electrical  power. 

The  Tellura-EKO  program  would  consist  of: 
“•  Accommodation  on  its  board  and  placing 
into  orbit  home  and  foreign  made  scientific 
and  special  purpose  equipment,  including: 

a)  unified  multi-frequency  lidar  com¬ 
plex; 

b)  TV-complex; 

c)  radio  and  spectrometry  complexes; 

d)  detachable  container  with  synthetic 
substances  (clouds)  sources. 

•  Recording  and  transmitting  to  Earth 
hydrometeorological,  geophysical  and  eco¬ 
logical  information  stipulated  for  by  a  poten¬ 
tial  partner,  i.e.: 

-  size,  structure  and  concentration  of 
atmospheric  aerosol  stratification  lay¬ 
ers,  velocity  and  direction  of  their  dis¬ 
placement; 

-  atmospheric  concentration  of  poison¬ 
ous  sulphurous,  ammonia,  and  nitric 
gaseous  combinations; 

-  ozone  concentration  vertical  distribu¬ 
tion  with  1  km  altitude  resolu-tion  in  the 
range  of  10  to  80  km; 

-  wind  altitude  and  spatial  parameters 
measurement  with  1  km  resolution  in 
the  range  of  altitudes  from  3-50  km; 

-  cloud  top  altitude  measurement  with 
10  to  100  m  accuracy; 

-  cloud  cross-section  with  300  to  1 200  m 
spacing  and  fleecy  clouds  registering 
with  150  m  altitude  and  1-5  km  hori¬ 
zontal  accuracy; 

-  troposheric  and  stratospheric  aerosol 
distribution  with  300  to  2400  m  altitude 
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and  1000  to  1500  m  horizontal  spac¬ 
ing; 

-  atmospheric  temperature  and  density 
in  the  altitude  range  30  to  100  km  with 
respective  accuracy  of  2  to  8°  K  and  2 
to  4%; 

-  slight  sodium,  potassium,  lithium,  as 
well  as  potassium,  magnesium  and 
fermium  ion  and  mixtures  at  the  alti¬ 
tude  of  80  to  1 00  km  with  20  to  60% 
accuracy: 

-  ionosphere  and  magnetosphere  condi¬ 
tion,  solar  activity,  etc. 

•  Processing  the  accumulated  informa-tion 
and  delivering  it  to  the  user  in  a  generalized 
form  -  photographs,  photomontage,  posi¬ 
tives,  duplicate  negatives,  digital  informa¬ 
tion,  tape-recorded  information  through 
communication  links,  topical  maps  and 
charts,  etc.”  (Reference  723). 

The  1991  description  of  Tellura-EKO  pre¬ 
dicted  a  first  flight  as  early  as  1 994  with  West¬ 
ern  participation.  A  development  investment  of 
90  million  dollars  was  estimated  but  operational 
costs  for  the  period  of  1995-1998  were  pre¬ 
dicted  to  be  only  8  million  dollars.  The  total  life¬ 
time  of  the  spacecraft  could  be  up  to  five  years 
at  an  altitude  of  400-450  km  and  inclinations  of 
52-72°. 

Almost  simultaneous  with  the  Tellura-EKO 
proposal  came  the  Salyut  Design  Bureau’s  con¬ 
cept  of  a  slightly  less  sophisticated  spacecraft 
known  as  Ecologia  (Figure  4.95).  With  roughly 
the  same  physical  characteristics  (mass  of  21 
metric  tons,  payload  of  8-9  metric  tons,  average 
power  of  3  kW),  Ecologia  was  designed  to  oper¬ 
ate  at  altitudes  of  350-450  km  for  3-5  years. 
Orbital  inclinations  of  51  °,  65°,  or  73°  are  possi¬ 
ble.  The  original  Ecologia  prospectus  indicated 
that  a  launch  by  1993  was  possible,  however, 
without  foreign  investment  the  program  is 
unlikely  to  be  fulfilled  (Reference  724). 

Meanwhile,  RKK  Energiya,  relying  on  their 
experience  with  the  Progress-M  and  Gamma 
spacecraft,  have  conceived  a  new,  nearly  1 0- 
metric-ton,  sun-synchronous  satellite  with  a 
variety  of  Earth  observation  sensors,  including  a 
side-looking  radar,  a  television  camera,  a  vid¬ 
eospectrometer,  and  a  scanning  radiometer 
(Figure  4.96)  The  scientific  payload  could  reach 
a  mass  of  1.4  metric  tons  with  an  available 
power  of  2  kW.  From  an  operating  altitude  of 
400-800  km,  the  spacecraft  would  be  able  to 
return  data  directly  or  via  a  relay  satellite  for  a 


FIGURE  4.95  ECOLOGIA  SATELLITE. 

period  of  3-5  years.  If  approved,  launch  by  the 
Zenit  booster  would  not  come  until  1996  or 
later. 

Finally,  the  Arsenal  Design  Bureau  has  pro¬ 
posed  converting  its  military  ocean  reconnais¬ 
sance  spacecraft  bus  (EORSAT)  into  a  civil 
remote  sensing  platform.  Called  Obzor,  the  new 
spacecraft  would  feature  a  4-channel  model  of 
the  Travers  SAR  with  a  large  antenna  similar  to 
the  one  proposed  for  Almaz  2.  Developed  by 
the  Moscow  Energy  Institute,  the  radar  would 
operate  at  wavelengths  of  5.7,  9.2,  23.5,  and  65 
cm  and  would  employ  new  processing  and 
interpreting  techniques  created  by  the  Institute 
for  Space  Geoinformation.  The  size  and  mass 
of  Obzor  would  necessitate  employing  a  Rus 
launch  vehicle  rather  than  the  Tsyklon-2  used 
by  EORSAT  (Reference  725). 

4.3.12  South  Korea 

In  August,  1992,  South  Korea’s  first  satellite 
was  launched  as  a  piggyback  payload  on  the 
Topex/Poseidon  mission.  The  50-kg  microsat  is 
known  variously  as  Kitsat  1,  Oscar  23,  and 
Uribyol  1  (Our  Star).  Along  with  a  communica¬ 
tions  payload,  Kitsat  1  carried  two  CCD  cam¬ 
eras  for  Earth  photography  in  a  1,300  km  by 
1 ,400  km  orbit  inclined  66°  to  the  equator.  The 
principal  national  organizations  participating  in 
the  program  are  the  Korea  Advanced  Institute 
of  Science  and  Technology  and  the  Korea 
Research  Institute  of  Standards  and  Science. 
The  satellite  was  created  with  the  help  of  the 
University  of  Surrey,  England,  which  specializes 
in  microsatellite  technology.  Kisat  2  was 
launched  in  a  similar  manner  to  its  predecessor 
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FIGURE  4.96  RKK  ENERGIYA  LEO  EARTH 
OBSERVATION  SATELLITE. 


on  26  September  1993  and  was  inserted  into  an 
orbit  of  795  km  by  805  km  at  an  inclination  of 
98.7°.  Again,  the  small  satellite  carried  two  CCD 
imaging  systems,  one  of  which  was  of  Korean 
design  (References  726-729). 

South  Korea’s  next  venture  into  Earth 
observation  satellite  systems  will  come  with  the 
1998-1999  launch  of  the  Korea  Multipurpose 
Satellite  (KOMSAT).  The  400-kg  satellite,  which 
will  be  built  by  TRW,  will  tentatively  carry  a  10- 
m  resolution  CCD  imaging  system  for  Earth  sur¬ 
veys  at  an  altitude  of  685  km  (Reference  730). 

4.3.13  Ukraine 

Although  the  National  Space  Agency  of 
Ukraine  was  formed  in  March,  1992,  and  the 
country  already  had  expertise  in  developing  full 
satellite  and  launch  vehicle  systems,  the  coun¬ 
try  was  slow  in  preparing  for  its  first  official 
national  satellite.  This  situation  should  be  reme¬ 
died  in  1995  with  the  launch  of  the  Sich-1 
spacecraft,  aka  Okean-0.  Based  on  the  ocean¬ 
ographic  series  of  spacecraft  developed  by  the 
Yuzhnoye  Scientific  Production  Association 
under  the  USSR  regime  (Section  4.3.11),  Sich- 
1  is  reportedly  the  last  of  its  kind  and  will  be  fol¬ 
lowed  by  more  advanced  Earth  observation  sat¬ 
ellites  (References  731-734). 

Each  Okean  spacecraft  has  a  mass  of  a  lit¬ 
tle  more  than  1,900  kg,  with  a  payload  capacity 
of  550  kg  and  is  launched  from  the  Plesetsk 
Cosmodrome  by  the  Tsyklon-3  booster,  also 
made  by  Yuzhnoye  NPO.  The  spacecraft  bus  is 
a  three-segmented,  vertically  oriented  cylinder, 
three  meters  tall  with  a  base  diameter  of  1 .4  m 


and  an  upper  diameter  of  0.8  m.  Okean’s  pri¬ 
mary  structure  is  pressurized  and  maintained  at 
normal  temperatures  to  protect  the  support  sys¬ 
tem  and  payload  electronics  housed  within.  Two 
small,  rotatable  solar  arrays  (1.6  m  wide  and  2.0 
m  tall)  provide  a  modest  110-270  W  average 
daily  power  to  the  payload.  Stabilization  is  par¬ 
tially  provided  by  a  gravity-gradient  boom 
extended  from  the  top  of  the  satellite.  At  the  bot¬ 
tom,  four  large  panels  (1.0  m  wide  and  2.9  m 
long),  attached  at  90°  intervals,  support  a  num¬ 
ber  of  payload  receivers  and  transmitters.  A 
narrow,  11-m-long  radar  antenna  is  fixed  to  the 
base  of  one  panel  (Figure  4.97). 

Okean  spacecraft  transmit  data  in  realtime 
on  137.400  MHz  using  APT  formats  similar  to 
that  employed  by  Meteor  satellites  with  a  scan 
rate  of  4  lines  per  second.  Data  is  also  stored 
and  retransmitted  on  466.5  MHz  to  the  three 
principal  data  reception  and  processing  centers 
at  Moscow,  Novosibirsk,  and  Khabarovsk. 
Table  4.10  indicates  the  typical  set  of  instru¬ 
ments  on  board  an  Okean  satellite,  their  char¬ 
acteristics,  and  the  potential  transmission 
modes.  The  APT  images  may  be  sent  in  one  of 
four  formats:  (1)  one  low  resolution  scanner,  (2) 
side-looking  radar  and  microwave  scanning 
radiometer,  (3)  side-looking  radar  alone,  and  (4) 
a  combination  of  radar,  microwave,  and  visible 
images.  Figure  4.98  from  the  Kosmos  1500 
Okean-OE  depicts  radar  (left)  and  visible  (right) 
images  of  the  Middle  East  region.  The  original 
image  size  is  195  mm  by  290  mm  with  a  scan¬ 
ning  density  of  7.6  lines  per  mm  and  at  least  12 
gray  level  (References  735-740). 

The  major  Okean  payload  is  the  real-aper¬ 
ture,  side-looking  RLS-BO  radar  operating  with 
a  vertically  polarized  9.5  GHz  frequency.  This 
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FIGURE  4.97  SICH-1  (OKEAN)  SATELLITE. 


226 


TABLE  4.10  TYPICAL  SICH-1  (OKEAN)  INSTRUMENT  SUITE. 


INSTRUMENT 

NUMBER  OF 
SPECTRAL 
BANDS 

BAND 

WAVELENGTHS 

GROUND 

SWATH, 

KM 

GROUND 

RESOLUTION, 

KM 

TRANSMISSION 

MODE 

MULTI-SPECTRAL 

SCANNER 

(MSU-M) 

4 

0.5-0.6  fim 
0.6-0.7  |im 
0.7-0.8  ^im 
0.8-1. 1  urn 

1930 

1.0  X  1.7 

DIRECT, 

STORE/DUMP 

B— 

2 

0.5-0.7  ^im 
0.7-0.9  urn 

1380 

0.35 

STORE/DUMP 

1 

3.15  cm 

450 

1.8  X  2.2 

DIRECT, 

STORE/DUMP 

1 

0.8  cm 
(Horizontal 
Polarization) 

550 

15  X  15 

DIRECT, 

STORE/DUMP 

OPTICAL 

SPECTROMETER  - 

EXPERIMENTAL 

(TRASSER) 

2  X  50 

0.4-0.8  ^im 

45 

STORE/DUMP 

Instrument,  developed  by  the  Radio  Engineer¬ 
ing  and  Electronics  Institute  (IRE)  in  Kharkov, 
provides  not  oniy  surface  characteristics  of 
land,  sea,  and  Ice  but  also  near-surface  wind 
speeds  and  sub-surface  features.  The  last  has 


FIGURE  4.98  OKEAN  DUAL  VISIBLE  AND 
RADAR  IMAGE  OF  THE  MIDDLE  EAST. 


proved  to  be  exceptionally  effective  in  determin¬ 
ing  ice  thickness  in  the  polar  regions  as  an  aid 
to  naval  navigation. 

From  its  orbital  altitude  of  635  km  by  665 
km  at  an  inclination  of  82.5°,  an  Okean  satellite 
employs  both  nadir-centered  and  off-nadir 
swaths.  The  MSU-M  and  MSU-S  sweeps  are 
centered  about  the  sub-satellite  point,  but  the 
RLS-BO  and  RM-08  swaths  are  displaced  to  the 
left  of  the  ground  track.  The  boresight  of  the 
MSU-M  can  be  shifted  up  to  30°  along  the  direc¬ 
tion  of  the  fiight  path.  In  part,  due  to  power  limi¬ 
tations,  the  MSU-M  and  RM-08  cannot  be  oper¬ 
ated  for  more  than  30  minutes  at  a  time,  and  the 
RLS-BO  is  restricted  to  10-minute  sessions. 

Okean  satellites  aiso  serve  as  the  centrai 
node  in  the  Condor  system  which  collects  envi¬ 
ronmental  data  from  small,  remote  stations  on 
iand,  water,  or  ice.  These  stations,  designated 
Condor-1 ,  are  interrogated  by  Okean  sateliites 
at  460.03  MHz  and  then  transmit  their  data  at 
1553.4  MHz  during  a  4-12  second  contact. 
Okean,  aiso  known  as  the  Condor-2  node,  then 
relays  the  data  to  special  Condor-3  processing 
stations  at  460.03  MHz.  Okean  satellites  can 
interrogate  Condor-1  stations  within  800  km  and 
can  store  up  to  64  kbits  of  data  for  subsequent 
relay  to  a  Condor-3  site. 

Eariier  designs  for  an  Okean-M  spacecraft, 
with  dual  side-looking  radars  and  other 
improved  Earth  observation  sensors,  have 
apparentiy  been  shelved  in  favor  of  a  second- 
generation  system  now  known  as  the  Sich-2 
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TABLE  4.1 1  PROJECTED  SICH-2  INSTRUMENT  SUITE. 


NUMBER  OF 

GROUND 

GROUND 

INSTBUMENT 

SPECTRAL 

BAND 

SWATH, 

RESOLUTION, 

BANDS 

WAVELENGTHS 

KM 

KM 

MULTI-SPECTRAL 

4 

0.5-0. 6  p,m 

1930 

1.0  X  1.7 

SCANNER 

0.6-0.7  |im 

(MSU-M) 

0.7-0.8  ^im 

0.8-1. 1  urn 

MULTI-SPECTRAL 

5 

0.53-0.59  urn 

600 

.175  X  .245 

SCANNER 

0.61-0.69  jim 

.175  X  .245 

(MSU-SK) 

0.7-0.8  ^im 

.175  X  .245 

0.9-1 .0  ^im 

.175  X  .245 

10.4-12.6  urn 

.590  X  .820 

MULTI-SPECTRAL 

8 

0.45-0.52 

180 

.050  X  .050 

SCANNER 

0.52-0.62  urn 

.050  X  .050 

(MSU-V) 

0.62-0.74  urn 

.050  X  .050 

0.76-0.9  ^lm 

.050  X  .050 

0.9-1. 1  |xm 

.050  X  .050 

1.55-1.75  ^im 

.10  X  .10 

2.1-2.35  \in\ 

.25  X  .25 

10.0-12.0  urn 

.10  X  .10 

MULTI-SPECTRAL 

3 

0.5-0. 6  ^im 

45 

.025  X  .035 

SCANNER 

0.6-0. 7  ^im 

(±300  km 

(MSU-E) 

0.8-0.9  um 

off  nadir) 

REALAPERRJRE 

SIDE-LOOKING 

RADAR 
(RLS-BO  D) 

1 

3.15  cm 

2  X  700 

1.5  X  2.0 

OPTICAL 

2x6 

0.4-0.8  ^m 

740 

1 

SPECTROMETER 

(VIDEO) 

(From  2  x  256) 

SCANNING 

4 

0.8  cm 

900 

16  X  21 

MICROWAVE 

1.35  cm 

27  X  35 

RADIOMETER 

2.25  cm 

47  X  62 

(DELTA  2) 

4.3  cm 

87  X  115 

(Horizontal,  Vertical 

Polarization) 

satellite  (formerly  known  as  Platform  B)  (Refer¬ 
ence  741).  Sich-2  will  be  launched  by  a  Zenit-2 
booster  into  a  650-km,  sun-synchronous  orbit. 
The  overall  dimensions  of  the  horizontally  ori¬ 
ented  vehicle  are  3.6  m  in  diameter  and  a 
length  of  10.7  m,  excluding  the  side-looking 
radar  antenna  (Figure  4.99).  The  spacecraft  will 
have  a  3-axis  attitude  control  system  with  a 
pointing  accuracy  of  8  arc  minutes. 

The  spacecraft  bus  will  be  a  pressurized 
cylinder  1 .9  m  in  diameter  and  6.6  m  long.  A 
single  solar  array  deployed  above  the  space¬ 
craft  will  deliver  an  average  daily  power  of  800 
W  to  the  payload.  The  originally  planned  instru¬ 
ment  suite  (Table  4.11)  will  utilize  both  analog 
APT  (137.4  MHz)  and  high  capacity  digital 
(8.2  GHz)  data  links.  Sich-2  with  a  one-year 
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design  life  may  also  carry  the  Condor-2  data 
relay  system. 

4.4  MATERIALS  SCIENCE 

The  microgravity  conditions  availabie  in 
Earth  orbit  have  given  rise  to  an  entireiy  new 
branch  of  materials  science.  Whether  the 
objective  is  to  grow  high  quality  semi-conductor 
crystals,  to  prepare  purer  medicines  via  electro¬ 
phoresis,  or  to  deveiop  practicai  techniques  for 
welding,  soldering,  or  metallic  coatings, 
manned  and  unmanned  satellites  offer  unique 
opportunities  not  only  for  pioneering  experi¬ 
ments  but  also  for  commercial  production. 
Although  the  slow  development  of  this  scientific 
discipline  has  not  yet  met  many  expectations, 
interest  in  space-based  materials  science 
investigations  continues  to  grow  in  Europe  and 
Asia. 

To  date  in  Eurasia  only  the  Russian  Federa¬ 
tion  and  PRC  have  the  capability  to  launch  and 
to  retrieve  materials  science  payloads.  In  addi¬ 
tion  to  supporting  their  own  national  programs, 
these  materials  science  platforms  are  made 
available  on  a  commercial  basis  to  other 
nations.  With  the  help  of  the  US,  ESA  and 
Japan  are  expanding  their  materials  science 
programs,  while  a  joint  German-Russian-Japa- 
nese  venture  is  creating  a  new  recoverable 
spacecraft  designed  specially  for  microgravity 
research. 

4.4.1  European  Space  Agency 

Under  ESA’s  charter  participation  in  micro¬ 
gravity  research  programs,  which  were  formally 
established  in  1982,  is  optional  for  member 
states.  Significant  activities  did  not  begin  until 
the  flight  of  Spacelab  1  on  the  US  STS  in  1 983. 
To  date  the  majority  of  ESA’s  materials  science 
programs  remain  linked  to  STS,  including  ESA’s 
orbital  free-flying  EURECA  satellite  which  is 
designed  for  deployment  and  retrieval  by  STS. 
In  1994  microgravity  research  emphasis  was 
shifting  toward  parabolic  aircraft  flights  and 
away  from  space  missions.  The  recent  elimina¬ 
tion  of  the  Columbus  independent  platform  and 
the  rescoping  of  the  Hermes  spaceplane  pro¬ 
gram  will  limit  future  ESA  experiments  in  this 
field  until  the  International  Space  Station  is 
operational.  In  the  meantime,  ESA  astronauts 
have  the  opportunity  to  conduct  materials  sci¬ 
ence  experiments  on  the  Russian  Mir  space 
station  (Reference  742). 


Following  the  ESA  Ministerial  Meeting  at 
The  Hague  in  November,  1987,  the  long-term, 
4-phase  microgravity  program  was  revised  tak¬ 
ing  into  account  the  effects  of  the  Challenger 
accident  of  1986.  Phase  1  (1982-1985)  had 
already  been  completed  with  the  first  flights  of 
Spacelab.  Phase  2  (1986-1992)  and  its  exten¬ 
sion  included  additional  Spacelab  missions  and 
the  first  flight  of  EURECA.  Phase  3  (1989- 
1997),  termed  the  pre-Columbus  phase,  envi¬ 
sioned  continued  operations  of  Spacelab  and 
EURECA  while  developing  the  Man-Tended 
Free-Flyer.  Phase  4  (1 998-2000)  was  called  the 
Columbus  Utilization  Period,  during  which  the 
volume  and  sophistication  of  materials  research 
would  be  greatly  expanded.  In  1993  ESA’s 
Microgravity  Program  Board  approved  a 
restructuring  of  the  agency’s  microgravity  activi¬ 
ties  into  “two  distinct  financially  independent 
elements:  a  basic  European  Microgravity 
Research  Program  (EMIR)  and  a  program  to 
develop  microgravity  experimental  facilities  for 
Space  Station/  Columbus  (MFC)”  (References 
743-744).  Although  the  pace  of  the  program  has 
not  met  expectations,  a  strong  commitment  for 
materials  science  research  remains  within  ESA. 

Spacelab,  in  its  many  possible  configura¬ 
tions,  represents  a  major  ESA  development 
effort  tailor-made  for  integration  into  the  US 
STS  program  (Section  3.1).  With  a  mass  of  up 
to  1 4.5  metric  tons,  Spacelab  is  actually  a  mod¬ 
ular  system  which  can  be  assembled  in  a  vari¬ 
ety  of  forms  using  a  Pressurized  Module  (short 
or  long)  and  payload  pallets.  The  long  Pressur¬ 
ized  Module,  in  which  crew-tended  materials 
science  experiments  can  be  performed  is 
approximately  4  m  in  diameter  with  a  length  of  7 
m  and  a  total  mass  in  excess  of  8  metric  tons. 
The  Pressurized  Module  is  connected  to  the 
Orbiter  crew  cabin  via  a  1.3  m  diameter  tunnel. 
One  to  five  2.9  m  long  equipment  pallets  can 
also  be  part  of  a  Spacelab  configuration 
depending  upon  flight  needs  and  the  presence 
of  a  short  or  long  Pressurized  Module.  A  “typi¬ 
cal”  Spacelab  mission  includes  a  long  Pressur¬ 
ized  Module  and  one  or  two  pallets.  Principal 
contractors  for  Spacelab  included  Matra  Mar¬ 
coni  (France)  for  command  and  data  manage¬ 
ment,  Dornier  (Germany)  for  environmental 
control  and  life  support  systems,  AEG-Tele- 
funken  (Germany)  for  electrical  power  distribu¬ 
tion,  Aeritalia  (Italy)  for  the  Pressurized  Module, 
Fokker  (The  Netherlands)  for  the  airlock,  and 
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FIGURE  4.100  SPACELAB  IN  ORBIT. 


British  Aerospace  (UK,  now  part  of  Matra  Mar¬ 
coni)  for  the  pallets  (References  745-746). 
Together,  France,  Germany,  Italy,  and  the  UK 
contributed  more  than  85%  of  the  funding  for 
Spacelab. 

Aithough  Spacelab  (Figure  4.100)  has  flown 
on  numerous  STS  missions,  only  a  few  have 
supported  major  ESA  materials  science 
research:  Spacelab  1  (1983),  Spacelab  D1 
(1985),  IML-1  [International  Microgravity  Labo¬ 
ratory]  (1992),  Spacelab  D2  (1993),  and  IML-2 
(1994).  The  STS-55  mission  (April-May,  1993) 
carried  the  German-sponsored  Spacelab  D2 
along  with  ESA’s  Advanced  Fluid  Physics  facil¬ 
ity.  The  following  US  Space  Shuttle  mission, 
STS-57  (June-July,  1993)  not  only  retrieved 
ESA’s  EURECA  satellite  (below)  but  also  sup¬ 
ported  protein  crystalization  experiments  in  the 
Spacelab  module.  The  July,  1993  flight  of  IML-2 
permitted  a  variety  of  ESA  materials  science 
devices  to  be  operated,  including  the  Bubble 
Drop  and  Particle  Unit,  the  Critical-Point  Facil¬ 
ity,  and  the  Advanced  Protein  Crystalization 
Facility  (References  743,  747-749). 

In  1982  ESA  formally  approved  the  devel¬ 
opment  of  a  free-flying  satellite  dedicated  to 
microgravity  research  during  missions  lasting 
six  months  or  longer.  The  European  Retrievable 
Carrier  (EURECA)  was  finally  launched  31  July 
1992  on  board  the  Atlantis  Space  Shuttle  and 
deployed  two  days  later.  The  4.5  metric  ton 
spacecraft  with  a  1  metric  ton  payload  used  its 
own  propulsion  system  to  maneuver  into  an 
operational  orbit  of  approximately  500  km  at  an 
inclination  of  28.5°  (Figure  4.101).  The  two  solar 


arrays  can  generate  up  to  5  kW  with  1  kW  aver¬ 
age  power  available  to  the  payload  (References 
750-752). 

The  prime  contractor  for  EURECA  was 
MBB/ERNO  of  Germany,  assisted  by  major 
subcontractors  Matra  Marconi,  Fokker,  Aerita- 
lia,  AEG,  and  SNIA/BPD.  On  its  first  flight 
EURECA  was  expected  to  achieve  microgravity 
conditions  of  5  x  10-7  g  and  carried  five  Micro¬ 
gravity  Multi-User  Facilities:  Automatic  Monoel¬ 
lipsoid  Mirror  Furnace  (AMF),  the  Exobiology 
and  Radiation  Assembly  (ERA),  the  Multi-Fur¬ 
nace  Assembly  (MFA),  the  Protein  Crystalliza¬ 
tion  Facility  (PCF),  and  the  Solution  Growth 
Facility  (SGF).  Also  on  board  were  the  High 
Precision  Thermostat  (HPT)  and  the  Surface 
Forces  Adhesion  (SFA)  materials  science 
experiments.  After  a  stay  in  Earth  orbit  of  11 
months  (2  months  longer  than  originally 
planned),  EURECA  was  successfully  retrieved 
during  the  STS-57  mission  and  returned  to 
Earth  1  July  1993.  However,  ESA  budgetary 
constraints  have  cast  doubt  on  whether 
EURECA  will  ever  fly  again  (References  753- 
757). 

Under  the  original  Columbus  program,  a 
free-flying  man-tended  laboratory,  based  on  the 
Freedom  Space  Station  attached  module, 
would  have  been  flown  with  a  major  emphasis 
on  microgravity  research.  Launched  in  the  late 
1990’s  by  the  Ariane  5  booster,  the  18  metric 
ton  laboratory  was  to  be  serviced  by  Hermes 
spaceplane  crews  once  or  twice  each  year. 


FIGURE  4.101  EURECA  SATELLITE. 
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However,  a  redirection  of  the  Columbus  and 
Hermes  programs  in  1992  abandoned  the  free- 
fiyer  concept.  Instead,  emphasis  wiil  be  piaced 
on  conducting  materials  science  tasks  on  the 
Internationai  Space  Station.  Meanwhiie,  five 
material  science  experiments  were  performed 
during  the  Euromir  94  mission  on  the  Mir  space 
station  in  October,  1 994  (Section  3.8). 

4.4.2  France 

Aithough  France  has  no  current  plans  to 
operate  dedicated  microgravity  research  satei- 
iites,  this  nation  has  taken  advantage  of  flight 
opportunities  on  US  and  Russian  spacecraft  to 
conduct  materials  science  experiments.  The 
190-kg  Mephisto  electric  furnace  has  flown 
twice  on  the  US  Space  Shuttie  (STS-52  in  1992 
and  STS-62  in  1 994)  to  investigate  directional 
solidification  of  metals.  French  materials  sci¬ 
ence  experiments  have  aiso  fiown  on  three 
Soviet/Russian  Photon  spacecraft.  The  1 990 
Photon  mission  carried  the  CROCODILE 
(Croissance  de  Cristaux  Organiques  par  Diffu¬ 
sion  Liquide  dans  I’Espace)  crystaiiization  facii- 
ity,  whiie  the  1994  fiight  involved  the  SEDEX 
(Synthese  Enzymatique  de  Dextrane)  enzyme 
synthesis  experiment.  In  1994  the  Gezon  instal¬ 
lation  on  board  a  Photon  spacecraft  investi¬ 
gated  the  effects  of  magnetic  fields  on  the  crys¬ 
tallization  process  with  the  use  of  the  Russian 
Zona-4M  electric  furnace.  A  second  flight  for 
CROCODILE  is  due  in  1995,  and  the  French 
firm  Carrar  is  developing  the  Spacepack  materi¬ 
als  science  experiment  carrier  for  future  Photon 
missions  (References  758-761). 

The  CASIMIR  experiment  to  study  the 
growth  of  zeolites  with  a  French  furnace  was 
conducted  on  the  Resurs-F  9  vehicle  in  1990. 
Two  major  materials  science  experiments  were 
performed  on  the  Mir  space  station  in  1992  dur¬ 
ing  the  French  Antares  mission:  Alice  to  study 
the  transport  and  phase  change  phenomena  in 
the  neighborhood  of  critical  points  and  Supra- 
conducteur  to  investigate  the  crystallization  of  a 
high  critical  temperature  superconductor  under 
zero-g  conditions.  A  separate  experiment  stud¬ 
ied  the  effects  of  heavy  ions  on  electronic  com¬ 
ponents  in  the  space  station.  On  the  second 
International  Microgravity  Laboratory  mission, 
a  French  electrophoresis  apparatus  was  tested 
under  the  RAMSES  (Applied  Research  on  Sep¬ 
aration  Methods  Using  Space  Electrophoresis) 
program.  (References  762-763). 


4.4.3  Germany 

For  many  years  several  German  organiza¬ 
tions,  e.g.,  Intospace  GmbH,  Kayser-Threde 
GmbH,  DASA,  OHB-System  GmbH,  and  DLR’s 
Microgravity  User  Support  Center,  have  been 
involved  in  numerous  European  microgravity 
experiments  on  such  foreign  orbital  platforms  as 
EURECA,  FSW-1,  Mir,  Photon,  Resurs-F,  and 
Spacelab.  The  German  mission  to  the  Mir 
space  station  in  1992,  the  1993  flight  of 
Spacelab  D2  on  STS-55,  and  participation  in 
IML-2  in  1994  on  STS-65  represent  the  latest 
man-tended  materials  research  efforts  under¬ 
taken.  Spacelab  D2,  in  particular,  hosted  six  fur¬ 
naces,  including  the  Material  Sciences  Experi¬ 
ment  Double-rack  for  Experiment  Modules  and 
Apparatus  (MEDEA)  and  the  Material  Sciences 
Laboratory.  On  IML-2  DARA  sponsored  the 
Quasi-Steady  Acceleration  Measurement 
experiment  to  monitor  microgravity  levels  for 
various  types  of  studies  (References  749,  764- 
765). 

In  late  1992  the  German  national  space 
agency  agreed  to  develop  with  Japan  and  the 
Russian  Federation  a  small,  recoverable  cap¬ 
sule  for  short-duration,  low-altitude  orbital  mis¬ 
sions.  Named  EXPRESS  (Experimental  Re¬ 
entry  Space  System),  the  765-kg  spacecraft 
(including  an  initial  payload  of  nearly  130  kg) 
was  to  be  launched  by  the  last  Japanese  M-3SII 
booster  from  Kagoshima  in  the  Summer  of 
1994.  However,  program  difficulties  prevented 
the  mission  from  meeting  the  narrow  Japanese 
launch  window,  and  the  flight  was  delayed  until 
early  1995.  Based  in  part  on  a  Russian  re-entry 
vehicle,  the  EXPRESS  spacecraft  consists  of 
two  basic  components;  a  400-kg  recovery  cap¬ 
sule  and  a  365-kg  service  module.  The  maxi¬ 
mum  flight  time  is  one  week  with  a  re-entry  g- 
load  of  up  to  10  g’s.  The  spacecraft  has  an 
overall  length  of  2  m  and  a  maximum  diameter 
of  1 .4  m.  If  the  first  flight,  which  carried  two  Ger¬ 
man  electric  furnaces,  was  successful,  plans 
called  for  additional  missions  by  a  to-be-deter¬ 
mined  small  launch  vehicle  (References  766- 
774). 

4.4.4  Italy 

In  concert  with  its  goal  to  develop  the  Vega 
launch  vehicle,  Italy  is  investigating  potential 
payloads  for  the  modest  capacity  booster.  One 
of  the  leading  concepts  for  a  long-term  program 
is  the  CARINA  (Capsula  di  Rientro  Non  Abitata) 
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microgravity  spacecraft.  With  a  total  mass  of 
450-500  kg,  CARINA  could  carry  a  materials 
science  payload  of  up  to  160  kg  into  a  300-km, 
low-inclination  orbit  for  operations  of  up  to  five 
days.  Development  Phase  B  activities  were 
completed  in  1994,  permitting  a  maiden  flight  in 
the  1997-1998  time  frame. 

Current  designs  call  for  a  spacecraft  with  a 
diameter  of  1.2  m  and  a  height  of  1.7  m  at 
launch,  including  the  1.0  m  diameter,  1.2  m  tall 
reentry  capsule.  The  payload  volume  would  be 
restricted  to  0.3  m^,  and  power  would  be  sup¬ 
plied  from  lithium  batteries.  Launches  would  be 
conducted  from  the  San  Marco  platform  in  the 
Indian  Ocean  with  water  recoveries  nearby. 
Alternatively,  small  foreign  launch  vehicles, 
e.g.,  the  US  Pegasus,  could  be  employed  (Ref¬ 
erences  775-776). 

4.4.5  Japan 

As  indicated  in  Section  4.4.3  above,  Japan 
will  play  a  vital  role  in  the  EXPRESS  micrograv¬ 
ity  program  underway  with  Germany  by  provid¬ 
ing  the  necessary  launch  services  with  its  M- 
3SII  booster.  If  the  EXPRESS  program  is  suc¬ 
cessful,  the  M-3SII  could  be  replaced  by  the 
forthcoming  M-5  or  J-l  boosters  later  in  the 
decade. 

Until  1992,  Japan’s  opportunities  for  micro¬ 
gravity  research  were  largely  restricted  to  small 
sounding  rocket  flights,  principally  with  the  TR- 
lA.  By  the  end  of  1994  three  flights  of  the  TR-IA 
had  been  conducted  (September,  1991;  August, 
1992;  and  September,  1993)  specifically  to  pre¬ 
pare  experiments  for  JEM  on  the  International 
Space  Station.  However,  interest  in  orbital 
materials  research  is  growing  rapidly,  and  a  late 
start  in  this  field  may  be  overcome  through  a 
variety  of  programs  slated  for  the  remainder  of 
this  decade  (Reference  777). 

The  flight  of  Spacelab  J  in  September, 
1992,  included  24  materials  science  experi¬ 
ments  as  part  of  the  FMPT  (First  Materials  Pro¬ 
cessing  Test)  program.  Specific  equipment 
tested  during  Spacelab  J  by  astronaut  Mamoru 
Mohri  and  his  American  colleagues  included  the 
Acoustic  Levitation  Furnace  (ALF),  the  Continu¬ 
ous  Heating  Furnace  (CHF),  the  Crystal  Growth 
Experiment  Facility  (CGF),  the  Gradient  Heat¬ 
ing  Furnace  (GHF),  the  Image  Furnace  (IMF), 
the  Large  Isothermal  Furnace  (LIF),  the  Liquid 
Drop  Experiment  Facility  (LDF),  the  Gas  Evapo¬ 
ration  Experiment  Facility  (GEF),  the  Organic 
Crystal  Growth  Experiment  (OCF),  the  Bubble 


Behavior  Experiment  Unit  (BBU),  the  Free  Flow 
Electrophoresis  Unit  (FFEU),  and  the 
Marangoni  Convection  Experiment  Unit  (MCU). 
The  LIF  was  reflown  on  IML-2  in  July,  1994,  to 
study  the  effects  of  microgravity  on  the  micro¬ 
structure  and  strength  of  ordered  Titanium-Alu¬ 
minum  intermetallic  alloys  (References  778- 
780).  Japan  may  sponsor  additional  experi¬ 
ments  on  a  STS  SpaceLab  mission  in  1996 
(Reference  781). 

The  first  domestic  microgravity  spacecraft  is 
now  scheduled  for  launch  by  the  H-II  booster  in 
early  1995.  Called  the  Space  Flyer  Unit  (SFU), 
the  reusable  satellite  is  analogous  to  ESA’s 
EURECA,  i.e.,  SFU  will  be  operated  in  LEO  for 
6-9  months  conducting  a  variety  of  materials 
processing  experiments  before  it  is  retrieved 
and  returned  to  Earth  by  a  US  Space  Shuttle. 
Also  like  EURECA,  SFU  will  possess  an  initial 
mass  of  approximately  four  metric  tons,  includ¬ 
ing  one  metric  ton  of  payload. 

Mitsubishi  is  the  prime  contractor  for  SFU, 
which  is  being  funded  by  the  Ministry  of  Interna¬ 
tional  Trade  and  Industry  through  ISAS  and 
NASDA  in  cooperation  with  the  newly  estab¬ 
lished  Institute  for  Free  Flyer  Unmanned  Space 
Experiments  (USEF). 

SFU  consists  primarily  of  an  octagonal  bus 
(4.9  m  diameter,  3.0  m  tall)  and  two  large  solar 
arrays  (2.4  m  by  9.6  m  each)  with  a  capacity  of 
2.7  kW.  The  solar  arrays  are  retractable  and  will 
be  stowed  and  redeployed  several  times  during 
the  mission  as  warranted  by  special  experi¬ 
ments.  The  spacecraft  will  utilize  a  3-axis  stabi¬ 
lization  system  and  will  be  equipped  with  a  pro¬ 
pulsion  unit  capable  of  maneuvering  the  vehicle 
to  an  operating  altitude  of  nearly  500  km  and 
returning  to  a  lower  retrieval  altitude  for  STS 
(References  782-783). 

The  objectives  for  SFU  are  actually  multi¬ 
purpose  to  include  materials  science,  life  sci¬ 
ence,  astrophysics,  and  space  technology 
experiments.  The  platform  will  also  serve  to  test 
equipment  slated  for  use  on  JEM  being  built  for 
the  International  Space  Station.  Three  USEF 
materials  science  experiments  are  manifested 
for  the  first  SFU  mission:  a  gradient  heating  fur¬ 
nace  (1,250°  C  capacity),  an  isothermal  heating 
furnace  (1,200°  C  capacity),  and  a  mirror  heat¬ 
ing  furnace  (1,380°  C  capacity).  ISAS  will  also 
sponsor  the  Material  Experiment  under  Micro¬ 
gravity  (MEX)  to  study  the  homogeneity  of  crys¬ 
tals  grown  in  space.  Meanwhile,  NASDA  will 
conduct  material  exposure  experiments  and 
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precisely  measure  the  levels  of  microgravity 
present  on  SFU.  The  frequency  of  SFU  mis¬ 
sions  will,  in  part,  be  determined  by  the  US  STS 
schedule. 

Still  in  the  concept  development  phase  are 
two  proposed  spaceplanes  with  primary  or  sec¬ 
ondary  microgravity  research  objectives.  ISAS 
is  studying  a  Highly  Maneuverable  Experiment 
Space  (HIMES)  vehicle  which  initially  would  be 
limited  to  sub-orbital  missions  of  approximately 
30  minutes  in  duration.  In  its  current  design, 
HIMES  is  a  14-metric  ton  class  spaceplane  with 
a  wing  span  of  less  than  10  m  and  a  length  of 
nearly  14  m. 

Concurrently,  NASDA  continues  to  refine 
the  design  and  objectives  of  the  H-ll  Orbiting 
Plane  (HOPE).  Since  its  beginning  in  1987,  the 
HOPE  program,  which  was  originally  linked  to 
servicing  the  international  Freedom  Space  Sta¬ 
tion,  has  been  beset  by  budgeting  and  political 
difficulties.  Delays  and  the  growing  costs  in  the 
H-ll  development  program  have  affected  gov¬ 
ernment  commitments  to  the  HOPE  project 
(References  784-788).  Both  10-metric-ton  and 
20-metric-ton  versions  of  HOPE  have  been  pro¬ 
posed  in  manned  and  unmanned  modes  of 
operation  (Section  2.6).  If  eventually  deployed 
about  the  turn  of  the  century,  a  10-metric-ton, 
unmanned  HOPE  could  become  a  major  ele¬ 
ment  in  Japan’s  materials  science  program. 

A  nearer  term  option  for  man-tended  micro¬ 
gravity  research  will  be  on  board  JEM,  which  is 
scheduled  for  launch  in  about  2000.  This  space 
station  module  is  described  in  more  detail  in 
Section  3.4.  At  the  present,  JEM  is  being 
designed  to  support  a  wide  variety  of  scientific 
and  technology  programs,  including  materials 
science  investigations.  Although  the  majority  of 
such  experiments  will  probably  be  conducted  in 
the  Pressurized  Module  (PM),  the  unique  con¬ 
cept  of  replaceable  Experiment  Logistics  Mod¬ 
ules  (ELMs)  may  also  benefit  microgravity 
research. 

4.4.6  People’s  Republic  of  China 

As  noted  previously,  since  1 987  the  PRC 
has  utilized  its  FSW  Earth  observation  recover¬ 
able  capsule  for  both  small  materials  science 
and  life  science  experiments  (Reference  321). 
The  FSW-2  spacecraft  which  was  first  intro¬ 
duced  in  1992  is  also  being  offered  to  support 
microgravity  research  and  with  its  greater 
capacity  will  probably  succeed  the  FSW-1  as 
the  principal  carrier  of  such  equipment.  By  the 


end  of  1994,  six  FSW  missions  had  carried 
domestic  materials  science  experiments  (Refer¬ 
ences  789-791).  The  PRC  has  no  announced 
plans  for  developing  a  larger,  dedicated  micro¬ 
gravity  satellite,  although  a  second  generation, 
multi-purpose  recoverable  vehicle  is  under  con¬ 
sideration. 

Overall  technical  details  of  the  FSW-1  and 
FSW-2  are  provided  in  Section  4.3.9.  Specific 
microgravity  experiment  limitations  for  the 
FSW-1  are  20  kg  recoverable  for  piggyback 
payloads  and  1 50  kg  recoverable/1 50  kg  non- 
recoverable  for  a  dedicated  mission.  Similarly, 
the  FSW-2  offers  a  300  kg  recoverable  payload 
capacity  in  addition  to  another  non-recoverable 
400-500  kg.  Maximum  flight  time  is  approxi¬ 
mately  eight  days  for  FSW-1  and  15  days  for 
FSW-2. 

Two  drawbacks  of  the  current  FSW-1 
design  are  the  high  re-entry  loads  (up  to  1 1  g’s) 
and  the  moderate  landing  velocity  (13-14  m/s). 
The  European  COSIMA  payload  flown  in  1988 
experienced  fractures  of  a  significant  portion  of 
the  crystals  grown  in  space,  apparently  due  to 
harsh  reentry  and  landing  conditions.  The  FSW- 
2  will  feature  less  stressing  impact  loads.  On- 
orbit  microgravity  conditions  are  on  the  order  of 
IQ-'^-IO'^g. 

The  domestic  Chinese  materials  science 
research  program  appears  to  be  still  in  its 
infancy.  The  first  acknowledged  payload  for 
national  interests  was  flown  on  FSW-0  9 
(August,  1987)  .  A  general  description  of  the 
Chinese  experiments  referred  to  smelting  and 
recrystallization  of  alloys  and  semiconductor 
materials.  Specifically,  the  Lanzhou  Physics 
Institute  is  said  to  have  performed  work  with 
yttrium-barium-copper  superconductor  sam¬ 
ples.  The  FSW-1  1  mission  the  following  month 
(September,  1 987)  also  carried  crystal  growth 
experiments.  Similar  experiments  were  con¬ 
ducted  on  the  4th  and  5th  FSW-1  missions 
(1 992  and  1 993)  and  on  both  the  FSW-2  flights 
(1992  and  1994). 

4.4.7  Russian  Federation 

The  materials  science  program  in  the 
USSR/CIS  dates  back  to  the  first  electron-beam 
welding  experiments  conducted  on  board  Soyuz 
6  in  1969.  However,  the  experimental  and  pilot 
production  activities  have  been  underway  in 
earnest  since  the  launching  of  the  Salyut  5 
space  station  in  1976.  Today,  the  Mir  space  sta¬ 
tion  is  the  focal  point  of  such  operations  with  a 
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wide  assortment  of  electric  furnaces  and  other 
devices  and  with  the  added  benefit  of  crew  par¬ 
ticipation.  One  of  the  primary  objectives  of  the 
Kristall  module,  attached  to  Mir  in  1990,  was  to 
support  microgravity  experiments. 

Despite  the  fact  that  microgravity  conditions 
are  typically  10-100  times  worse  on  a  manned 
versus  an  unmanned  spacecraft,  man-tended 
experiments  on  Soviet-built  space  stations, 
some  lasting  more  than  a  week,  proved  to  be 
quite  successful.  The  other  principal  drawback 
of  materials  science  research  on  Mir  -  the 
extremely  limited  capability  of  returning  sam¬ 
ples  to  Earth  -  was  reduced  in  late  November, 
1990,  when  the  Progress  M  recoverable  cap¬ 
sule  was  successfully  tested  for  the  first  time. 
This  system  is  now  used  approximately  twice 
each  year,  returning  up  to  150  kg  of  cargo 
(including  the  product  of  materials  science 
research)  per  mission. 

Whereas  specific  details  of  Mir  operations 
are  covered  in  Section  3.6,  a  list  of  major  mate¬ 
rials  science  devices  delivered  to  the  station  are 
included  here  for  completeness.  In  1987  three 
electric  furnaces  were  delivered  to  Mir:  Korund- 
1M,  Kristallizator,  and  Mirror-Beam.  These 
were  augmented  or  superseded  in  1990  by  the 
five  new  furnaces  installed  on  the  Kristall  mod¬ 
ule:  Krater  V,  Kristallizator,  Optizon,  Zona  2, 
and  Zona  3.  Other  Mir  materials  science 
devices  have  been  used  for  electrophoresis 
(Aynur-Kristall,  EFU  Robot,  Ruchey,  and  Svet¬ 
lana),  protein  crystallization  (Aynur-Mir),  and 
miscellaneous  experiments  (Biostoykost,  Sveto- 
blok,  and  Yantar).  Most  materials  science 
experiments  are  of  Russian  origin,  but  some  are 
created  by  Ukrainian  specialists. 

Beginning  in  1985  the  USSR/CIS  con¬ 
ducted  annual  unmanned  space  missions  dedi¬ 
cated  to  materials  science  research.  The  Pho¬ 
ton  spacecraft  used  for  these  flights  is  a 
derivative  of  the  1960’s  era  Vostok/Voskhod 
manned  spacecraft  and  the  Zenit  military  recon¬ 
naissance  satellites  and  is  very  similar  to  the 
currently  operational  Bion  and  Resurs-F  satel¬ 
lites.  Prototype  Photon  satellites  were  launched 
during  1985-1987  as  Kosmos  1645,  Kosmos 
1744,  and  Kosmos  1841.  Since  1988,  the 
spacecraft  have  been  officially  designated  as 
Photon. 

The  6,200-kg  spacecraft  is  6.2  m  in  length 
with  a  maximum  diameter  of  2.5  m  and  is 
divided  into  three  major  sections:  The  service/ 
retro  module,  the  payload  capsule,  and  an 


FIGURE  4.102  PHOTON  SATELLITE. 

equipment  block  (Figure  4.102).  The  2.3-m 
diameter  recoverable  capsule  can  handle  a 
payload  of  up  to  700  kg  and  a  volume  of  4.7  m^. 
Electrical  power  is  supplied  entirely  by  storage 
batteries  with  400  W  average  per  day  allocated 
to  the  payload  (up  to  700  W  for  90  minutes  each 
day).  Mission  durations  for  the  eight  Photon 
flights  to  the  end  of  1992  were  13-16  days  (Ref¬ 
erences  792-795). 

To  minimize  perturbation  forces,  thereby 
maximizing  microgravity  conditions  (as  low 
as  10-5  g).  Photon  spacecraft  are  placed  in  a 
mildly  eccentric  orbit  at  62.8°  inclination  and  are 
not  maneuvered  during  the  mission.  The  initial 
orbits  for  Photon  4  (4-20  October  1991)  and 
Photon  5  (8-24  October  1992)  were  215  km  by 
397  km  and  221  km  by  359  km,  respectively. 
Prior  to  1991  the  annual  Photon  missions  had 
always  been  launched  in  April  or  May. 
Launches  are  performed  by  the  Soyuz  booster 
from  Plesetsk,  and  recoveries  are  made  in 
Kazakhstan  in  the  primary  manned  recovery 
region  northeast  of  the  Baikonur  Cosmodrome. 

The  year  1993  marked  the  first  time  that  a 
Photon  mission  was  not  undertaken  in  the 
course  of  the  eight-year  program.  However,  in 
1994  Photon  6  was  launched  into  an  orbit  of 
221  km  by  364  km  on  14  June.  In  addition  to 
Russian  materials  science  experiments.  Photon 
6  carried  out  the  French  Gezon  experiment 
using  the  Russian  Zona-4M  electric  furnace. 
(Photon  spacecraft  have  also  flown  the  Zona  1 , 
Zona  4,  Splav  2,  and  Konstanta  2  electric  fur¬ 
naces  as  well  as  the  Kashtan  electrophoresis 
unit.)  Photon  6,  which  also  carried  the  Euro¬ 
pean  Biopan  life  sciences  experiments,  was 
successfully  recovered  on  the  15th  day  (Refer¬ 
ence  788).  Two  more  Photon  missions  were 
scheduled  for  1995,  while  a  1996  Photon 
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spacecraft  will  carry  an  experimental  German 
reentry  capsule  named  MIRKA.  The  French  firm 
Carra  is  developing  a  new  interface  module  for 
Photon  called  Spacepack,  which  will  facilitate 
the  integration  of  foreign  microgravity  experi¬ 
ments  on  Russian  spacecraft  like  Photon  (Ref¬ 
erences  789,  796-797). 

When  Soviet  officials  decided  to  make  the 
Photon  spacecraft  available  to  foreign  commer¬ 
cial  users,  the  similar  Resurs-F1  Earth  observa¬ 
tion  spacecraft  was  also  offered  for  payloads  of 
15-30  kg.  Working  through  the  Kayser-Threde 
firm  (Figure  4.103),  several  European  sponsors 
have  taken  advantage  of  these  more  frequent 
flight  opportunities:  COSIMA  2  (Crystallization 
of  Organic  Substances  in  Microgravity  for  Appli¬ 
cation)  on  Resurs-F  5  (September,  1989), 
COSIMA  3  on  Resurs-F  6  (May,  1990),  and 
CASIMIR  (Catalyst  Studies  for  Industry  through 
Microgravity  Research)  on  Resurs-F  9  (Septem¬ 
ber,  1990).  Although  mission  durations  can  be 
increased  to  25  days  as  compared  to  the  16- 
day  flights  of  Photon,  Resurs-FI  spacecraft  are 
subject  to  attitude  control  adjustments  and 
orbital  maneuvers  which  may  have  a  deleteri¬ 
ous  effect  on  microgravity  experiments.  Despite 
contracts  for  future  microgravity  experiments, 
none  of  the  three  Resurs-F  missions  of  1993- 
1 994  carried  such  secondary  payloads  (Refer¬ 
ence  798). 


FIGURE  4.103  INSTALLING  MICROGRAVITY 
EXPERIMENTS  IN  RESURS-FI  CAPSULE. 


FIGURE  4.104  NIKA-T  SATELLITE. 


By  the  late  1990’s  the  Photon  Design 
Bureau  anticipates  testing  a  much  more  capa¬ 
ble  microgravity  spacecraft  as  a  follow-on  to  the 
successful  Photon  program.  Designated  NIKA- 
T  (Scientific  Research  Spacecraft  -  Technologi¬ 
cal),  the  new  vehicle  will  retain  the  spherical 
reentry  capsule  of  Photon  but  will  possess  sig¬ 
nificantly  improved  support  systems.  The  9  met¬ 
ric  ton  NIKA-T  will  be  capable  of  returning  pay- 
loads  of  up  to  1 ,200  kg  after  missions  of  3-4 
months.  Early  NIKA-T  concepts  envisioned  a 
maximum  spacecraft  diameter  of  2.7  m  and  a 
length  of  9.3  m,  but  more  recent  diagrams  sug¬ 
gest  that  the  length  has  been  reduced  slightly. 
Two  solar  arrays  will  generate  6  kW  of  which 
4.5  kW  will  be  available  for  the  microgravity 
payload  (Figure  4.104).  A  third  array  is  part  of 
the  thermal  control  system’s  heat  rejection  loop 
(References  793-795,  799). 

NIKA-T  will  be  launched  by  the  Zenit  launch 
vehicle  into  sun-synchronous  orbits  of  300-500 
km  at  inclinations  of  96-98°.  To  protect  the  frag¬ 
ile  materials  sciences  samples,  the  landing 
velocity  of  the  capsule  will  be  reduced  to  only  5 
m/s.  At  least  two  new  materials  science  instru¬ 
ments  are  being  developed  for  NIKA-T:  the 
Zona  8  and  the  Konstanta  4  furnaces.  The 
former  will  be  capable  of  accepting  sample  car¬ 
tridges  of  40  mm  diameter  and  200  mm  length, 
whereas  the  latter  will  possess  a  85  mm  diame¬ 
ter  and  400  mm  length  capacity. 

In  1990  the  Lavochkin  NPO  announced 
plans  to  enter  the  microgravity  services  market 
with  its  own  spacecraft,  generally  referred  to  as 
Lavochkin  or  Mercury.  The  original  prospectus 
indicated  a  spacecraft  mass  of  5,600  kg  and  a 
payload  mass  of  500  kg.  The  descent  module 
which  was  conical  in  shape  had  a  mass  of  2,900 
kg.  Electrical  power  was  to  be  supplied  by  two 
solar  panels  with  a  4.5  kW  capacity.  Mission 
durations  of  up  to  two  years  in  orbits  of  500  km 
and  97.7°  inclinations  were  anticipated  by  i  993- 
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FIGURE  4.105  TEKOS  SATELLITE. 

94  with  the  aid  of  a  modified  RS-20  ICBM 
launch  vehicle  (References  800-802). 

By  1991  the  project  had  matured  to  include 
a  new  spacecraft  design  and  a  host  of  availabie 
materiais  science  equipment.  The  current 
design  calis  for  a  spacecraft,  cailed  Lavochkin 
or  Tekos,  with  a  mass  of  5,500  kg  with  a  spheri¬ 
cal  2.2  m  diameter  reentry  capsuie  (based  on 
the  Venera  reentry  module)  of  2  metric  tons  and 
a  payload  mass  of  900  kg  and  volume  of  4-4.5 
m^  (Figure  4.105).  Solar-generated  electrical 
power  capacity  will  remain  at  4.5  kW.  Also 
unchanged  was  a  goal  of  flight  duration  up  to 
two  years  in  a  500-km,  98°-orbit,  launched  by  a 
modified  RS-20.  The  maiden  flight  of  the  space¬ 
craft  was  set  for  1994,  but  delays  of  two  or  more 
years  are  anticipated.  Expected  microgravity 
conditions  were  10'‘^-10'®  g  (References  803- 
806). 

To  sweeten  the  commercial  package,  Lav¬ 
ochkin  NPO  has  teamed  with  specialists  in  the 
Russian  materials  science  community  to  pro¬ 
vide  specific  semiconductor  and  pharmaceutical 
microgravity  devices  for  Tekos.  Three  electro¬ 
phoresis  instruments  are  being  prepared 
(Potok,  Meduza,  and  Shtamm)  along  with  the 
Biocryst  facility  for  the  production  of  biocrystals. 
The  Krater-AG  furnace  will  have  the  capacity  of 
handling  sample  cartridges  76  mm  in  diameter 
and  200  mm  in  length  at  temperatures  of  up  to 
1,270°  C  and  total  operations  of  5,000  hours. 
Lavochkin  NPO  has  estimated  that  100  kg  of 
gallium  arsenide  and  20  kg  of  other  semi-con¬ 
ductor  materials  could  be  produced  on  a  single 
mission. 

Not  to  be  outdone  by  its  longtime  competi¬ 
tors  (Photon  Design  Bureau  and  Lavochkin 
NPO),  the  Salyut  Design  Bureau  of  Proton 
launch  vehicle  and  Mir  space  station  fame  pro¬ 


posed  about  1991  no  less  than  four  new  con¬ 
cepts  for  materials  science  research  with 
spacecraft  of  1.2  metric  tons  to  more  than 
100  metric  tons.  However,  to  date  none  of 
these  designs  appear  to  have  secured  project 
funding. 

At  the  least  ambitious  end  of  the  spectrum 
is  the  Space  Biotechnological  Complex, 
“intended  for  experimental  production  of  exclu¬ 
sively  pure  biologically  active  substances  pos¬ 
sessing  unique  properties  (unthought  of  gaining 
in  the  terrestrial  conditions)  and  its  manufactur¬ 
ing  process  improvement”  (Reference  807). 
The  1,200-kg  spacecraft  (Figure  4.106)  mea¬ 
sures  only  1.50  m  in  height  and  1.45  m  in  diam¬ 
eter  at  the  base.  The  core  of  the  spacecraft  is  a 
recoverable  module,  similar  to  that  introduced 
with  Progress  M  spacecraft  in  1990,  surrounded 
by  electrical  and  thermal  control  systems.  Total 
recoverable  payload  mass  is  100  kg  with  a 
diameter  of  53  cm  and  a  length  of  100  cm. 
Designed  for  launch  by  a  “light-weight  launch 
vehicle,”  possibly  the  RS-18-derived  Rokot 
(also  created  by  the  Salyut  Design  Bureau),  the 
Space  Biotechnological  Complex  may  remain  in 
its  reference  400-km,  65°-inclination  orbit  for 
only  five  hours.  A  1991  description  of  the 
project  indicated  that  operations  could  start  in 
1993,  although  no  serious  effort  was  apparently 
underway  by  the  end  of  1994. 

The  second  materials  science  spacecraft 
innovation  being  offered  by  the  Salyut  Design 
Bureau  is  called  Technologiya  and  is  based  on 
a  new  spacecraft  bus  called  the  Unified  Space 


FIGURE  4.106  SPACE  BIOTECHNOLOGICAL 
COMPLEX. 
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Platform  (USP).  The  USP  is  designed  to  handle 
payloads  of  up  to  10  metric  tons  with  stowed 
dimensions  of  4.1  m  diameter  and  6.7  m  length. 
The  USP  will  supply  electrical  power  up  to 
12  kW,  attitude  control  with  a  precision  Of  10’  to 
1°,  orbital  maneuver  capability,  and  other  sup¬ 
port  functions.  Mission  durations  of  as  long  as 
five  years  are  possible  in  orbits  up  to  500  km 
with  inclinations  of  51 .6°,  65°,  or  72°.  Launches 
would  be  provided  by  the  Proton  within  3-4 
years  of  contract  agreement  (Reference  808). 

Under  the  Technologiya  program,  the 
Salyut  Design  Bureau  has  already  designed  a 
customized  microgravity  payload  unit  for  the 
USP  (Figure  4.107).  The  20  metric  ton  vehicle 
will  be  capable  of  carrying  4-5  metric  tons  of 
processing  equipment  for  the  manufacture  of 
semiconductor  materials,  optical  glasses,  and 
biological  preparations  in  a  volume  of  up  to  30 
m^.  A  maximum  mission  duration  of  three  years 
at  a  400-450  km  altitude  is  possible.  Products 
and  processing  equipment  will  be  returned  to 
Earth  in  a  large  recoverable  module  (Reference 
809). 

The  third  Salyut  Design  Bureau  proposal  is 
based  on  a  derivative  of  the  class  of  spacecraft 
which  serve  as  the  heavy  add-on  modules  for 
the  Mir  space  station,  e.g.,  Kvant  2  and  Kristall. 
Named  the  Biotechnologiya  Space  Vehicle,  this 
proposed  materials  science  spacecraft  (Figure 
4.108)  has  a  launch  mass  of  21  metric  tons  of 


FIGURE  4.107  TECHNOLOGIYA  SATELLITE. 


FIGURE  4.108  BIOTECHNOLOGIYA 
SATELLITE. 

which  8-9  metric  tons  represent  the  payload. 
The  maximum  diameter  is  4.3  m  and  the  length 
is  approximately  12  m.  Two  solar  arrays  gener¬ 
ate  up  to  3  kW  average  power  and  10  kW  for 
peak  loads.  Microgravity  conditions  of  10’^  g 
are  possible  for  year-long  missions  at  altitudes 
of  350-450  km  (References  810-811). 

A  unique  aspect  of  the  Biotechnologiya 
Space  Vehicle  is  its  ability  to  return  materials  in 
small  recoverable  modules  periodically  through¬ 
out  the  mission.  Ballistic  capsules  (5  or  more) 
with  a  capacity  of  120  kg  and  a  volume  of  120 
liters  are  loaded  separately,  then  ejected  from 
the  main  spacecraft  for  the  return  to  Earth. 
Since  the  basic  spacecraft  systems  have 
already  been  developed  and  tested  in  space, 
the  preparation  period  for  this  specialized  vehi¬ 
cle  may  be  only  2-3  years. 

In  support  of  the  first  Energiya  mission  in 
1987,  the  Salyut  Design  Bureau  constructed  a 
100-ton  class  spacecraft  called  Polyus. 
Although  the  vehicle  never  reached  orbit  due  to 
an  attitude  control  problem,  its  designers  have 
expanded  upon  the  original  concept  to  propose 
the  heavy  Space  Processing  Module  (SPM), 
also  known  as  the  Engineering  Production  Mod¬ 
ule  (TMP)  (References  812-814).  With  a  102 
metric  ton  launch  mass,  the  SPM  possesses  an 
on-station  (350-400  km,  51 .6°  inclination)  mass 
of  a  mere  88  metric  tons.  In  typical  Russian 
style,  the  Salyut  Design  Bureau  engineers 
adapted  well-known  hardware  to  create  the 
SPM.  The  heart  of  the  facility  (the  Laboratory 
Compartment),  where  the  materials  processing 
equipment  is  installed,  is  based  on  the  main 
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FIGURE  4.109  THE  PROPOSED  SPACE  PROCESSING  MODULE  INFRASTRUCTURE,  INCLUDING 
SOYUZ  TM  AND  MAKS  SPACEPLANE  LOGISTICS  VEHICLES. 
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core  cylinder  of  the  Proton  launch  vehicle’s  first 
stage.  Above  it  is  a  heavy  Kosmos  module  (the 
Instrument-Cargo  Compartment)  of  the  Kvant  2, 
Kristall,  or  Biotechnologiya  class. 

In  orbit  the  SPM  is  approximately  35  m  long 
with  a  main  diameter  of  just  over  4  m  (Figure 
4.109).  In  addition  to  the  two  sizable  solar 
arrays  extending  from  the  Instrument-Cargo 
Compartment,  the  SPM  has  two  very  large 
arrays  attached  to  the  Laboratory  Compartment 
-  total  span  =  60.4  m.  Together,  they  can  pro¬ 
duce  more  than  60  kW  for  a  mission  exceeding 
five  years.  Total  payload  mass  of  up  to  25  met¬ 
ric  tons  is  possible  with  microgravity  conditions 
of  10  ^-10  ®  g. 

Expanding  upon  the  idea  of  multiple  return 
capsules  proposed  for  the  Biotechnologiya 
Space  Vehicle,  the  SPM  designers  have 
included  a  similar  capability  using  361  kg  ballis¬ 
tic  capsules  with  a  payload  mass  of  141  kg  and 
a  payload  volume  of  92.5  liters.  Robotics  are 
used  to  remove  a  ballistic  capsule  from  storage, 
load  it,  and  then  transfer  it  to  a  small  air-lock  for 
ejection.  This  operation  cycle  would  occur  every 
1-3  months.  Nine  types  of  processing  units 
have  been  proposed  for  the  SPM  for  a  total  of 


45  individual  installations  for  an  annual  produc¬ 
tion  capacity  of  more  than  one  metric  ton  per 
year. 

A  novel  element  of  the  SPM  program  is  the 
option  for  man-tended  operations.  Docking 
ports  at  both  the  aft  and  forward  end  of  the  SPM 
would  be  compatible  with  a  Soyuz  TM  space¬ 
craft  or  the  proposed  MAKS  spaceplane.  The 
latter  could  be  launched  either  by  the  Energiya- 
M  launch  vehicle  or  from  an  air-based  platform 
like  the  An-225.  A  maintenance  or  resupply 
crew  could  spend  up  to  10  days  on  the  SPM 
unloading  supply  ships  and  repairing  equip¬ 
ment.  Unmanned  resupply  missions  using 
Progress  M  or  heavy  Kosmos  spacecraft  are 
also  envisioned.  The  advent  of  MAKS  would 
also  increase  the  opportunities  (and  therefore 
mass)  for  returning  processed  materials  to 
Earth.  Complete  design  of  the  SPM  will  require 
two  years,  followed  by  four  years  of  building  and 
testing  the  flight  module  before  launch.  How¬ 
ever,  with  the  demise  of  the  Energiya  and 
Energiya-M  programs  and  Russia’s  participa¬ 
tion  in  the  International  Space  Station,  the  SPM 
concept  is  unlikely  to  be  developed  further. 
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5.0  SPACE  SCIENCE  AND  EXPLORATION  PROGRAMS 


Whereas  the  applications  satellites 
described  in  the  previous  section  provide 
essential  support  services  with  direct  economic 
impact  on  national  and  international  markets, 
space  science  and  expioration  programs,  in 
particular  those  dedicated  to  iife  sciences,  geo¬ 
physics,  astrophysics,  and  soiar  system  explo¬ 
ration,  enjoy  greater  notoriety.  On  the  whole, 
science  missions  aiso  represent  the  most  costiy 
undertakings  with  the  exception  of  manned 
space  fiight.  Consequentiy,  in  recent  years  a 
significant  portion  of  such  missions  involves 
widespread  international  participation.  This  sec¬ 
tion  focuses  on  unmanned,  near-Earth  and 
deep  space  probes,  with  brief  descriptions  of 
manned  space  science  activities  inciuded  with 
appropriate  references  to  related  summaries 
appearing  in  Section  3. 

5.1  LIFE  SCIENCES 

The  study  of  the  effects  of  space  travei  on 
living  organisms  predated  the  iaunch  of  Sputnik 
1  in  1957  through  extensive  high  aititude  bailis- 
tic  flights  conducted  by  the  US  and  the  USSR 
beginning  shortly  after  World  War  II.  Once 
orbital  flights  were  possibie,  the  range  of  life  sci¬ 
ences  experiments  on  all  levels  of  biology  and 
botany,  from  simple  cells  to  man  himself, 
quickly  expanded.  For  more  than  30  years  the 
short-term  and  long-term  effects  of  microgravity 
and  radiation  on  the  maintenance  and  repro¬ 
duction  of  life  in  space  have  been  the  subject  of 
intense  scientific  investigations  by  researchers 
around  the  world.  To  date,  citizens  from  approx¬ 
imately  three  dozen  nations  have  flown  in 
space,  and  severai  European  and  Asian  coun¬ 
tries  are  currentiy  pursuing  significant  life  sci¬ 
ences  space  programs. 

5.1.1  European  Space  Agency 

ESA  has  sponsored  a  variety  of  iife  sci¬ 
ences  activities  since  its  first  such  mission  in 
1 985.  These  endeavors  have  been  both  in  con¬ 
cert  with  other  agencies,  nameiy  USSR/Russia 
and  NASA,  and  as  strictly  European  initiatives. 
Those  missions  entireiy  administered  by  ESA 
often  have  one  member  country  or  more  as  the 
principai  participant  or  iead  state.  In  some 
cases,  the  distinction  between  international  and 
national  programs  may  be  somewhat  blurred. 


For  example,  the  first  major  ESA  life  sci¬ 
ences  experiments  were  the  Biorack,  Anthro- 
rack,  and  Vestibuiar  Sied  flown  on  Spacelab 
D1 ,  which  was  primariiy  funded  by  Germany.  Of 
the  three  European  astronauts  who  flew  on  that 
mission,  two  were  German  and  one  was  Dutch. 
While  Germany  is  a  strong  participant  in  ESA, 
its  two  astronauts  were  officiai  representatives 
of  DARA  on  Spaceiab  D1 .  The  Dutch  astronaut 
was  a  representative  for  ESA  (Section  5.1.3). 

ESA  was  involved  with  the  three  most 
recent  USSR/Russia  Bion  flights:  Bion  8  in 
1987,  Bion  9  in  1989,  and  Bion  10  in  1992-3. 
Analysis  of  data  from  the  Bion  8  and  9  missions 
reported  the  retarded  deveiopment  of  germinat¬ 
ing  seeds  and  other  botanicai  developmental 
processes.  Bion  10,  iaunched  in  late  1992, 
included  the  maiden  fiight  of  ESA’s  Biobox,  a 
generai-purpose  incubator  with  a  programma¬ 
ble  temperature  profile  mounted  on  the  exterior 
of  the  Bion  reentry  capsule  with  10  iife  sciences 
experiments.  Although  no  additional  Bion  mis¬ 
sions  were  fiown  during  1993-1994,  ESA  took 
advantage  of  a  fiight  opportunity  on  Photon  6  in 
1994  to  conduct  six  radiation  biology  experi¬ 
ments  in  Kayser-Threde  GmbH’s  Biopan  facility 
(Reference  1). 

Another  major  life  sciences  project  for  ESA 
was  Spaceiab  IML-1.  ESA  astronaut  Uif  Mer- 
bold,  aiong  with  one  Canadian  and  five  Ameri¬ 
can  astronauts,  manned  the  International  Micro¬ 
gravity  Laboratory  during  22-30  January  1992. 
ESA  provided  two  main  iife  sciences  facilities 
for  the  mission:  Biorack  and  the  Vestibuiar  Sied. 
Both  platforms  had  been  used  previously  on 
Spaceiab  D1.  Biorack,  shown  in  Figure  5.1,  is  a 
generai  purpose  faciiity  for  the  study  of  ceiiular 
and  deveiopmentai  processes  in  plants  and  ani¬ 
mals.  Aboard  IML-1,  17  life  sciences  experi¬ 
ments  were  fielded,  including  insects,  bacteria, 
animai  tissue,  frog  eggs,  moids,  yeasts,  and 
severai  plants.  The  Vestibular  Sled  is  a  track- 
mounted  chair  that  is  used  to  test  human  ner¬ 
vous  system  responses  to  a  variety  of  accelera¬ 
tions  in  weightiessness.  Biorack  was  fiown  for  a 
third  time  on  IML-2  in  July,  1 994. 

The  previous  year  ESA’s  Anthrorack, 
designed  to  evaluate  adaptation  to  low  gravity 
by  the  human  body,  was  successfuiiy  fiown  on 
Spaceiab  D2.  Additional  life  sciences  data  were 
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collected  during  the  flights  of  STS-61  and  STS- 
66  which  carried  ESA  astronauts  Nicollier  and 
Clervoy,  respectively.  ESA’s  most  extensive 
manned  life  sciences  program  was  conducted 
under  the  Euromir  94  project  when  ESA  astro¬ 
naut  Merbold  spent  29  days  on-board  the  Rus¬ 
sian  Mir  space  station  performing  15  physiology 
experiments  (Section  3.6). 

Another  ESA  life  sciences  project  was  car¬ 
ried  aboard  the  European  Retrievable  Carrier 
(EURECA).  Launched  31  July  1992,  EURECA 
operated  at  an  altitude  of  500  km  with  an  orbital 
inclination  of  28.5°  and  was  designed  for 
longer-duration  experiments  than  are  available 
with  Spacelab.  After  eleven  months  in  orbit,  the 
US  STS  retrieved  EURECA  in  June,  1993. 
Used  for  both  materials  and  life  sciences, 
EURECA’s  first  mission  included  the  Exobiology 
and  Radiation  Assembly  as  one  of  the  five 
major  components  of  the  payload.  EURECA-1 
utilized  about  seventy  percent  of  the  maximum 
1,000-kg  payload  capacity  (Figure  5.2).  Optimal 


microgravity  conditions  are  about  5x10'^  g  (an 
order  of  magnitude  better  than  is  achievable 
aboard  Spacelab),  while  the  guaranteed  worst 
conditions  are  10'^  g  (similar  to  Spacelab). 
Originally  planned  for  five  flights,  future  mis¬ 
sions  of  EURECA  are  uncertain  (References  2- 
4). 

ESA  plans  to  continue  its  life  sciences 
experiments  on  Russian  (Mir,  Photon,  and  Bion) 
and  American  (STS)  spacecraft  while  preparing 
for  its  role  in  the  International  Space  Station 
program  with  emphasis  on  its  own  Columbus 
Orbital  Facility.  ESA’s  Microgravity  Advisory 
Committee  in  1994  defined  15  high  priority 
research  areas  in  life  sciences  for  future  investi¬ 
gations. 

5.1.2  France 

The  majority  of  France’s  life  sciences 
research  has  been  conducted  by  French  astro¬ 
nauts  during  four  missions  to  Soviet/Russian 
space  stations  and  one  flight  on  board  the  US 
Space  Shuttle.  (A  second  mission  on  STS  by 
J.F.  Clervoy  in  1994  was  under  the  auspices  of 
ESA.)  The  2-week  flight  by  M.  Tognini  and  the 
3-week  flight  by  J.P.  Haignere  to  the  Mir  space 
station  in  1992  and  1993,  respectively,  permit¬ 
ted  detailed  experiments  spanning  the  pre¬ 
flight,  on-orbit,  and  post-flight  phases  with 
emphases  on  the  effects  of  space  flight  on  the 
human  cardio-vascular  system,  blood  composi¬ 
tion  changes,  immunilogical  responses  to 
weightlessness,  and  the  psychological  and 
physiological  condition  of  space  travelers  during 
adaptation  to  weightlessness.  French  astro¬ 
nauts  are  scheduled  for  further  stays  on-board 
Mir:  C.  Andre-Deshays  in  1996  and  L.  Eyharts 
in  1997  (see  Section  3.2  for  details). 

The  French  firm  Matra  Marconi  employed  a 
Chinese  vehicle  to  carry  a  biological  package  in 
1987.  The  payload  was  piggybacked  on  a  Chi¬ 
nese  FSW  mapping  satellite  launched  by  a  CZ- 
2C  booster  on  5  August  1987  from  Jiuquan. 
Orbital  characteristics  were  an  altitude  range  of 
173-400  km  at  a  63.0°  inclination.  The  payload, 
which  included  algae,  cyanophyta,  and  proto¬ 
zoa,  was  recovered  10  August  1987  and  the 
sealed  capsule  was  handed  over  to  Matra  Mar¬ 
coni  on  12  August  (References  5-6). 

France  led  the  development  of  ESA’s  Bio¬ 
rack  and  Anthrorack  facilities  which  have  flown 
on  the  US  Space  Shuttle  and  has  been  a  con¬ 
tributor  to  all  Soviet/Russian  Bion  missions 
since  1975  (Bion  3).  Future  French  life  sciences 
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FIGURE  5.2  EURECA  BEING  PREPARED  FOR  FLIGHT. 


experiments  are  likely  to  remain  concentrated 
on  manned  rather  than  unmanned  missions. 

5.1.3  Germany 

Germany  has  sponsored  more  astronaut 
missions  than  its  continental  European  neigh¬ 
bors  (six,  including  the  fiight  of  an  East  German 
astronaut  in  1 978)  at  the  same  time  providing 
Uif  Merbold  for  three  ESA  fiights.  The  Spaceiab 
D1  (1985)  and  the  Spaceiab  D2  (1993)  mis¬ 
sions  on  the  US  Space  Shuttie  completed  a 
host  of  life  sciences  experiments  as  did  the 
shorter  fiight  of  K.D.  Fiade  on  the  Mir  space  sta¬ 
tion  in  1992.  German  firms  are  aiso  leading 
many  European  unmanned  iife  sciences  investi¬ 
gations. 

Germany’s  first  Spaceiab  mission  was  D1, 
a  seven-day  mission  launched  30  October 
1985.  This  mission  marked  the  first  time  the  sci¬ 
entific  and  technical  control  of  the  Spaceiab 
was  performed  outside  the  US.  The  German 
Space  Operations  Center  (GSOC)  in  Oberp- 
faffenhofen  planned,  prepared,  and  controlled 
D1.  Two  German  payload  specialists,  Ernst 


Messerschmid  and  Reinhard  Furrer,  worked  in 
shifts  with  NASA  and  Dutch  astronauts  to  pro¬ 
vide  neariy  24  hours  per  day  access  to  the  sci¬ 
entific  payioad.  The  manifest  of  German  life  sci¬ 
ences  experiments  included  cellular  biological, 
botanical,  and  medical  experiments,  utilizing 
ESA’s  Biorack,  Anthrorack,  and  Vestibuiar  Sled 
facilities  (References  7-8). 

Spaceiab  D2  (26  Aprii  -  6  May  1 993)  con¬ 
ducted  iife  sciences  experiments  in  four  general 
areas:  biological  techniques  (eiectrofusion  of 
celis),  bioiogy  (ceil  functions,  reaction  to  gravity, 
development  processes,  and  behavioral  physi¬ 
ology),  human  physiology  (heart-lung  system, 
lung  functions,  endocrinoiogy,  and  metabolism), 
and  radiation  physics.  Of  the  five  doubie-racks 
on  board  Spaceiab  D2,  one  was  Germany’s 
Biiabor  for  celi,  botany,  and  zooiogical  experi¬ 
ments,  and  one  was  ESA’s  Anthrorack  (Section 
5.1.1).  As  with  Spaceiab  D1,  Spaceiab  D2  was 
controlled  by  a  payload  team  at  GSOC  (Refer¬ 
ences  9-11). 

Germany  also  provided  nationai  life  sci¬ 
ences  experiments  for  IML-1  and  IML-2.  Radia- 
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tion  and  gravitational  sensitivity  effects  were 
studied  on  both  missions  while  IML-1  also 
investigated  cell  cultivation  and  bioprocessing. 
Specific  experiments  on  IML-2  included  DARA’s 
Slow  Rotating  Centrifuge  Microscope  and 
DLR’s  Biostack.  The  German  COSIMA  (Crystal¬ 
lization  of  Organic  Substances  in  Microgravity 
Application)  experiments  have  flown  on  both 
Chinese  FSW  and  Russian  Resurs-F  recover¬ 
able  capsules.  Meanwhile,  DLR’s  EXPRESS 
and  Kayser-Threde’s  Biopan  facilities  are 
designed  to  make  microgravity  research,  includ¬ 
ing  life  sciences,  more  affordable  and  more 
available. 

5.1.4  Japan 

The  first  Japanese  life  sciences  experiment 
in  space  took  place  in  late  1990,  when  Toyohiro 
Akiyama,  a  journalist  from  the  Tokyo  Broadcast¬ 
ing  System,  boarded  the  Mir  space  station.  This 
was  the  result  of  a  private  Japanese  company 
negotiating  with  GLAVKOSMOS  and  Energiya 
NPO  and  had  no  official  sponsorship  by  the 
Japanese  government  or  space  agency.  While 
on  Mir,  Akiyama  performed  several  experiments 
on  six  Japanese  Tree  Frogs,  gauging  their 
adaptation  to  weightlessness  (Reference  12). 

Japan’s  space  agency  NASDA  fielded  its 
first  major  orbital  life  sciences  experiment  with 
the  assistance  of  the  US  Space  Shuttle  pro¬ 
gram.  Spacelab  J,  launched  12  September 
1992  for  an  eight-day  mission,  included  NASDA 
payload  specialist  Mamoru  Mohri,  NASDA’s  first 
astronaut.  The  Japanese  experiment  docket 
was  also  known  as  FMPT,  First  Materials  Pro¬ 
cessing  Test.  The  mission,  which  also  hosted 
several  materials  science  experiments,  included 
biological  investigations  with  live  insects,  frogs, 
chicken  embryos,  and  fish.  Biologists  were 
encouraged  by  the  first  successful  effort  to  fertil¬ 
ize  frog  eggs  in  weightlessness  (References  1 3- 
14). 

A  reusable  free-flying  platform  called  the 
Space  Flier  Unit  (SFU)  has  been  scheduled  to 
be  launched  aboard  the  third  flight  of  Japan’s 
new  H-ll  iaunch  vehicle,  but  development  prob¬ 
lems  with  the  new  booster  pushed  the  launch  of 
the  SFU  into  1995.  SFU-1  is  intended  primarily 
for  advanced  technology  and  materials  process¬ 
ing,  but  some  biological  experiments  are 
expected  to  be  fielded,  including  one  (Space 
Biology  Experiment)  dealing  with  the  growth  of 
newts  from  egg  to  adult.  After  several  months  in 
space,  the  SFU  is  to  be  retrieved  by  the  US 


Space  Shuttle.  The  SFU  is  a  3,500-kg  craft  with 
a  4.6  m  diameter  and  two  9.6  m  solar  arrays. 
The  effort  is  a  joint  project  of  NASDA,  the  Insti¬ 
tute  of  Space  and  Astronautical  Science  (ISAS) 
and  the  Ministry  of  International  Trade  and 
Industry  (MITI)  (References  15-17). 

Japan  had  some  involvement  in  the  numer¬ 
ous  life  sciences  experiments  aboard  the  1992 
Spacelab  IML-1.  Japan’s  major  contribution  to 
the  mission  was  the  Organic  Crystal  Growth 
Facility.  On  IML-2  Japan  was  responsible  for 
the  Thermoelectric  Incubator/Cell  Culture  Kit, 
the  Free-Flow  Electrophoresis  Unit,  the  Aquatic 
Animal  Experiment  Unit,  and  the  Realtime  Radi¬ 
ation  Monitoring  Device. 

By  far  the  largest  orbital  life  sciences 
project  underway  in  Japan  is  the  major  module 
for  the  International  Space  Station,  JEM  (Japa¬ 
nese  Experiment  Module).  A  consortium  of  14 
Japanese  companies  have  formed  Japan 
Manned  Systems  Corporation  to  coordinate 
construction  of  the  shuttle-deployed  module. 
JEM  will  be  configured  to  allow  a  broad  range  of 
materials,  observational,  and  life  sciences  stud¬ 
ies.  Construction  of  a  working  prototype  of  JEM 
was  begun  in  1992  for  configuration  testing  and 
training.  JEM  is  now  scheduled  for  launch  in  two 
segments  by  the  US  STS  in  the  year  2000. 

The  proposed  layout  of  JEM  consists  of 
three  main  modules  (Section  3.4).  The  Pressur¬ 
ized  Module  (10  m  long,  4  m  diameter,  10,250 
kg)  contains  numerous  experiment  racks  and 
controls  for  JEM.  The  Experiments  Logistics 
Module  (4  m  high,  4  m  diameter,  2,450  kg), 
which  is  located  above  the  Pressurized  Module, 
is  largely  a  storage  and  transport  module  for 
replenishing  perishable  items  used  for  JEM.  An 
exposed  rack  can  be  mounted  on  the  Experi¬ 
ments  Logistics  Module  to  facilitate  equipment 
and  resupply  cargo  shuffling.  The  Exposed 
Facility  consists  of  two  external  pallets  (each 

2.5  m  high,  1.4  m  wide,  4  m  long)  with  a  total 
mass  of  2.8  metric  tons  and  a  manipulator  arm 
for  servicing  the  exposed  experiments  without 
EVA.  Expected  power  requirements  are  6  to  9 
kW,  depending  on  mission  parameters. 

5.1.5  People’s  Republic  of  China 

Similar  to  early  experiments  by  the  USSR, 
PRC  launched  animals,  including  dogs  and 
mice,  on  suborbital  flights  in  the  mid  1960s. 
Early  Chinese  efforts  focused  mainly  on 
unmanned  military  and  civilian  space  applica¬ 
tions,  thus  life  sciences  experiments  were  few. 
In  the  1980’s  the  Great  Wall  Industries  Corpora- 
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tion  began  promoting  commercial  applications 
of  the  Chinese  space  program,  including  the 
opportunity  to  fly  small  life  sciences  payloads 
on  board  the  FSW  recoverable  spacecraft 
which  had  been  developed  as  an  observation 
platform  (Section  4.3.9).  The  first  Western  pay- 
load  was  launched  5  August  1987  for  the 
French  aerospace  company  Matra  Marconi  and 
was  a  biological  microgravity  experiment  (Sec¬ 
tion  5.1.2)  (References  18-19). 

A  Chinese  biosatellite,  FSW-1  3,  was 
launched  5  October  1990  from  Jiuquan.  Sixty 
animals  and  plants  were  included  on  the  mis¬ 
sion,  including  rats  and  guinea  pigs.  Primary 
studies  focused  on  the  effects  of  weightless¬ 
ness  on  metabolism,  food  requirements,  and 
excretion.  The  experiments  and  biosystems 
were  developed  by  the  Astronautical  Engineer¬ 
ing  Institute  of  the  State  Commission  of  Sci¬ 
ence,  Technology,  and  Industry  for  National 
Defense.  The  recoverable  capsule  was  returned 
to  Earth  eight  days  after  launch.  The  mission 
initial  altitude  was  208-31 1  km  at  an  inclination 
of  57.0°  (References  20-23). 

China’s  Institute  of  Hydrobiology  fielded  a 
group  of  experiments  on  FSW-1  4,  launched 
from  Jiuquan  6  October  1 992.  The  biosatellite 
payload  included  algae,  microorganism,  rotifers, 
and  a  small  aquatic  creature.  Dr.  Liu  Yongding, 
Institute  Deputy  Director,  said  that  the  algae 
experiments  were  particularly  successful,  with 
one  new  form  of  blue  algae  produced.  The  Chi¬ 
nese  are  considering  algae  as  a  potential  food 
source  for  astronauts  on  long  space  missions. 
The  FSW-1  was  deployed  in  an  orbit  at  213-309 
km  altitude  with  an  inclination  of  63.0°  (Refer¬ 
ence  24).  Future  Chinese  life  sciences  experi¬ 
ments  may  be  flown  on  the  more  capable  FSW- 
2  which  was  introduced  in  1992. 

5.1.6  Russian  Federation 

The  USSR  was  the  first  space-faring  power, 
and,  not  surprisingly,  orbited  the  world’s  first 
biosatellite.  Sputnik  2,  launched  less  than  a 
month  after  its  world-shocking  predecessor, 
contained  a  female  dog  named  Laika  in  an 
instrumented  and  pressurized  chamber. 
Launched  3  November  1957,  Sputnik  2 
returned  biological,  movement,  and  sound  data 
on  Laika  until  the  environmental  control  system 
could  no  longer  sustain  her.  Fourteen  dogs  and 
one  rabbit  had  previously  been  launched  during 
Soviet  vertical  rocket  tests,  and  numerous  dogs 
and  other  small  animals  and  insects  were  later 


orbited  during  the  early  years  of  the  Soviet 
space  program  (Reference  25). 

The  largest  effort  in  the  life  sciences  on  the 
part  of  the  Russian  Federation  is  the  Bion,  or 
Biokosmos,  program,  managed  by  the  Institute 
of  Biomedical  Problems  in  Moscow.  Bion  is  an 
ongoing  program  that  has  orbited  ten  satellites 
since  1973.  Unlike  Sputnik  2,  all  Bion  satellites 
have  been  recovered  after  reentry,  though 
some  minor  casualties  have  occurred  in  the 
program.  Participation  in  Bion  is  truly  interna¬ 
tional,  with  countries  other  than  the  former 
Soviet  Union  participating  in  all  but  the  first  mis¬ 
sion  and  with  the  US  participating  in  the  eight 
missions  since  1 975. 

All  Bion  missions  have  used  a  modified 
Vostok  recoverable  capsule  as  shown  in  Figure 
5.3.  This  vehicle  is  a  derivative  of  the  space¬ 
craft  used  by  Yuri  Gagarin  on  his  historic  orbital 
flight  in  1 961 .  Similar  Vostok-derived  craft  still  in 
use  include  the  Photon  microgravity/materials 
research  satellites  and  the  Resurs-F  Earth  envi¬ 
ronment/resource  monitoring  systems,  pro¬ 
duced  by  the  Samara  Specialized  Design 
Bureau.  The  Bion  experiment  (reentry)  chamber 
is  a  2.3  m  diameter  sphere  with  two  1.2  m 
access  hatches.  The  scientific  payload  is  about 
1 ,000  kg,  while  the  overall  spacecraft  mass  is 
about  six  metric  tons.  All  Bion  missions  have 
been  launched  by  Soyuz  launch  vehicles  from 
the  Plesetsk  Cosmodrome  (Reference  26). 

Throughout  the  history  of  the  Bion  program, 
several  notable  and  sometimes  humorous  inci¬ 
dents  have  occurred.  The  mission  of  Bion  3 
(Kosmos  782)  was  cut  short  because  of  threat¬ 
ening  snowstorms  in  the  intended  satellite 
recovery  area.  Soviet  scientists  reported  “win¬ 
try"  conditions  during  recovery  and  were  forced 
to  erect  shelters  at  the  landing  site.  Yerosha, 
one  of  the  monkeys  on  Bion  8  (Kosmos  1887) 
partially  freed  himself  and  explored  his  orbital 
cage,  much  to  mission  controllers’  dismay  and 
the  popular  media’s  delight.  On  reentry,  Bion  8 
then  missed  its  intended  touchdown  point  by 
about  3,000  km,  causing  the  demise  of  several 
fish  in  frigid  weather.  Bion  9  (Kosmos  2044) 
experienced  temperature  control  problems 
three  days  before  reentry,  killing  some  ants  and 
earthworms  that  were  part  of  a  school  project 
(References  27-32). 

The  Bion  10  satellite  (Kosmos  2229), 
launched  29  December  1992,  was  scheduled  to 
orbit  for  14  days  before  reentry  and  recovery, 
but  thermal  control  problems  sent  onboard  tem- 
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FIGURE  5.3  BION  SATELLITE. 


peratures  to  unacceptable  levels,  and  the  craft 
was  deorbited  two  days  early  on  10  January 
1993.  This  forced  Russian  officials  to  land  the 
spacecraft  near  the  Kazakh  town  of  Karaganda, 
rather  than  the  planned  location  near  Kustanay. 
The  high  on-board  temperatures  are  suspected 
of  kiiiing  seven  of  the  fifteen  tadpoies.  Addition- 
aily,  one  of  the  two  monkeys  on  board  went 
without  food  for  three  days,  suffering  measur- 
abie  weight  loss.  After  treatment  for  dehydra¬ 
tion,  both  monkeys  (Krosh  and  Ivasha)  were 
deciared  healthy.  Yevegeniy  Ilyin,  a  scientist  at 
the  Institute  of  Biomedicai  Problems,  declared 
that,  in  spite  of  the  equipment  probiems,  the 
experiments  were  “generaiiy  successfui”  (Refer¬ 
ences  33-36). 

Aithough  Bion  11,  which  was  being  pre¬ 
pared  in  iate  1994,  wiii  employ  the  standard 
Vostok-derived  platform,  future  biosatellite  mis¬ 
sions  may  adopt  the  more  capable  NIKA  space¬ 
craft  bus  now  under  development.  NIKA  will 
offer  longer  mission  durations,  increased  recov- 
erabie  payload  (up  to  1,200  kg),  and  greater 
power  generation  capabilities.  The  new  biosat- 
eiiite  variant  being  designed  by  the  Photon 
Design  Bureau  has  been  designated  NIKA-B, 
Scientific  Research  Spacecraft  -  Bioiogicai 
(References  26,  37-39). 


The  Russian  man-in-space  program  repre¬ 
sents  the  worid’s  foremost  life  sciences  pro¬ 
grams  in  generai  bioiogy,  human  physiology, 
zoology,  and  botany.  A  myriad  of  both  simple 
and  complex  life  sciences  experiments  have 
been  conducted  on  a  regular  basis  since  the 
introduction  of  manned  space  stations  in  1971. 
The  permanently  manned  Mir  space  station  has 
been  the  site  of  many  pioneering  iife  sciences 
experiments,  aibeit  not  aii  have  been  success¬ 
ful.  Perhaps  the  most  important  experiment  to 
date  was  the  more  than  14-month  fiight  of  Dr.  V. 
Polyakov  on  board  the  orbital  station.  This  and 
other  iife  sciences  experiments  are  described 
more  fuiiy  under  manned  fiight  operations  (Sec¬ 
tion  3.6). 

5.1.7  Ukraine 

By  the  end  of  1994,  Ukraine  was  stiii  waiting 
to  iaunch  its  first  national  satellite,  Sich  1,  for 
the  purpose  of  Earth  observation  and  remote 
sensing.  However,  in  mid-1994  a  report  claimed 
that  the  Yuzhnoye  Design  Bureau  in  Dnepro¬ 
petrovsk  intended  to  launch  a  biosatellite  during 
1996-1997.  No  specifications  about  the  pay- 
ioad,  the  spacecraft  or  the  iaunch  vehicie  were 
forthcoming  (Reference  40). 
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5.2  GEOPHYSICS 

The  missions  discussed  in  this  section 
detail  Eurasian  efforts  to  characterize  the 
Earth’s  geomagnetic  environment  in  terms  of 
radiation  belts  and  interactions  with  the  solar 
wind  as  well  as  the  small  particulate  environ¬ 
ment  in  near-Earth  space.  In  recent  years,  a 
loose  international  alliance  of  scientists  has 
been  formed  to  share  and  distribute  the  results 
of  numerous  Independent  missions.  The  Inter¬ 
national  Solar  Terrestrial  Physics  (ISTP)  pro¬ 
gram  is  a  multinational  effort  whose  1 977  origin 
was  prompted  by  the  Inter-Agency  Consultative 
Group  (lACG).  ISTP  now  consists  of  over  100 
entities  (mostly  universities  and  other  research 
facilities)  in  many  countries. 

5.2.1  Czech  Republic 

For  nearly  20  years  the  Geophysics  Insti¬ 
tute  (renamed  the  Institute  of  Atmospheric 
Physics  in  1994)  in  Prague  has  specialized  in 
the  development  of  very  small,  scientific  satel¬ 
lites  designed  to  investigate  the  complex  nature 
of  the  Earth’s  magnetosphere  and  ionosphere. 
In  many  ways,  these  satellites  were  the  forerun¬ 
ners  of  the  now  popular  microsatellites. 
Although  the  size  and  mass  of  the  Czech  Mag- 
ion  satellites  are  similar  to  the  more  recent  plat¬ 
forms  produced  by  the  UK’s  University  of  Sur¬ 
rey,  Magion  satellites  are  highly  sophisticated 
spacecraft  designed  for  state-of-the-art  geo¬ 
physics  exploration. 

Developed  under  the  former  Interkosmos 
program,  Magion  satellites  are  launched  as  pig¬ 
gyback  spacecraft  designed  to  carry  out  their 
experiments  in  concert  with  a  mother  satellite. 
Magion  1  with  a  mass  of  only  15  kg  was 
launched  with  Interkosmos  18  in  1978  to  moni¬ 
tor  low  frequency  propagation  in  LEO  from  an 
initial  orbit  of  only  400  km  by  775  km  with  a  high 
inclination  of  83°.  Magion  2  appeared  in  1989 
with  Interkosmos  24  under  the  Aktivnyy  project 
to  investigate  VLF  propagations  in  the  magneto¬ 
sphere  and  their  interaction  with  energetic  parti¬ 
cles  in  the  Earth’s  radiation  belts  in  an  orbit  of 
505  km  by  2,490  km  with  an  inclination  of  83°. 
Magion  2  (Figure  5.4)  also  introduced  the  cur¬ 
rent  Magion  base  configuration  with  a  mass  of 
approximately  50  kg  and  a  diameter  of  0.6  m. 
The  octagonal  bus  is  equipped  with  four  small 
solar  arrays  as  well  as  body-mounted  solar  pan¬ 
els.  Magion  2  also  carried  a  Soviet  Pulsar 
maneuvering  system  to  regulate  the  distance 
between  the  sub-satellite  and  its  companion 


FIGURE  5.4  MAGION-2  SUB-SATELLITE. 


spacecraft,  although  on  this  mission  the  system 
malfunctioned. 

Magion  3  continued  the  work  begun  by  its 
predecessor  after  launch  in  1991  with  Interkos¬ 
mos  25  under  the  APEKS  (Active  Plasma 
Experiment)  program.  Essentially  identical  to 
Magion  2,  Magion  3  recorded  the  effects  in  the 
magnetosphere  of  electron  and  Xenon  ion 
beams  injected  by  Interkosmos  25.  The  Pulsar 
engine  performed  well  on  this  mission  which 
lasted  nine  months  in  an  orbit  of  440  km  by 
3,070  km  with  an  inclination  of  83°. 

Two  more  Magion  spacecraft  are  being  pre¬ 
pared  in  conjunction  with  the  Interbol  project 
which  will  employ  two  pairs  of  spacecraft 
(mother-daughter)  to  investigate  the  magneto- 
spheric  tail  and  auroral  zones,  respectively. 
After  several  years  of  delays  Magion  4  is 
expected  to  be  launched  in  1 995  with  a  Russian 
Prognoz  M2-class  spacecraft  and  inserted  into 
an  orbit  of  approximately  500  km  by  200,000 
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km.  Magion  5  should  follow  6-12  months  later 
with  another  Prognoz  M2  spacecraft  in  an  orbit 
of  500  km  by  20,000  km.  The  masses  of  Magion 
4  and  5  are  expected  to  be  slightly  heavier  than 
earlier  models,  i.e.,  approximately  60  kg.  Addi¬ 
tional  details  of  the  Interbol  program  are  pro¬ 
vided  in  Section  5.2.7  under  the  Russian  Feder¬ 
ation  subsection. 

5.2.2  European  Space  Agency 

After  a  quarter  century  of  successful  investi¬ 
gations  with  HEOS  (Highly  Eccentric  Orbit  Sat¬ 
ellite)  1  and  2,  GEOS  (Geostationary  Satellite), 
and  ISEE  (International  Sun-Earth  Explorer)  2, 
ESA’s  principal  geophysics  mission  of  the 
1990’s  is  the  Cluster  project,  part  of  the  first  cor¬ 
nerstone  of  the  Horizon  2000  program  called 
the  Solar/Terrestrial  Science  Program  (STSP). 
Adopted  in  1985,  STSP  includes  both  Cluster 
and  the  Solar  and  Heliospheric  Observatory 
(SOHO,  Section  5.3.1).  As  its  name  implies. 
Cluster  consists  of  four  identical,  independent 
spacecraft  which  will  study  the  physical  interac¬ 
tion  between  the  Sun  and  the  Earth,  specifi¬ 
cally,  boundary  region  physics,  plasma  acceler¬ 


ation  in  the  geomagnetic  tail,  plasma  sheet 
turbulence,  vortices  and  eddies,  bow  shock 
structure,  and  plasma  and  field  m'icrostructure 
(Figure  5.5).  All  four  spacecraft  are  scheduled 
for  launch  on  the  maiden  flight  of  Ariane  5  in 
1995-1996. 

Each  spacecraft  with  a  mass  of  1 ,200  kg 
(54%  propellant),  a  diameter  of  2.9  m,  and  a 
height  of  1 .3  m  will  be  deployed  into  a  90°  polar 
orbit  with  a  perigee  of  25,513  km  (4  Earth  radii) 
and  an  apogee  of  140,318  km  (22  Earth  radii). 
The  spacecraft  will  fly  in  a  tetrahedral  formation 
with  intersatellite  distances  ranging  from  200 
km  in  the  cusp  to  20,000  km  in  the  magnetotail. 
Body-mounted  solar  cells  will  generate  224  W 
to  support  a  design  life  of  two  years  for  the  spin- 
stabilized  (1 5  rpm)  spacecraft. 

The  72-kg  Cluster  scientific  payload 
includes  eleven  main  instruments:  Spatio-Tem¬ 
poral  Analysis  of  Field  Fluctuations  (STAFF), 
Electric  Fields  and  Waves  (EFW),  Waves  of 
High  Frequency  and  Sounder  for  Probing  of 
Density  by  Relaxation  (WHISPER),  Wide  Band 
Data  (WBD),  Digital  Wave  Processor  (DWP), 
Fluxgate  Magnetometer  (FGM),  Electronic  Drift 


FIGURE  5.5  QUARTET  OF  CLUSTER  SATELLITES. 
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FIGURE  5.6  PAIR  OF  CLUSTER  SATELLITES 
UNDERGOING  VIBRATION  TESTING. 


Instrument  (EDI),  Cluster  Ion  Spectrometry 
(CIS),  Plasma  Electron  and  Current  Analyzer 
(PEACE),  Research  with  Adaptive  Particie 
Imaging  Detectors  (RAPID),  and  Active  Space¬ 
craft  Potentiai  Control  (ASPOC).  Figure  5.6 
depicts  two  Ciuster  spacecraft  undergoing 
vibration  testing  in  Ottobrun,  Germany.  Dornier 
is  the  prime  contractor  for  Ciuster  with  Aicatei, 
British  Aerospace  (now  Matra  Marconi),  DASA, 
Fokker,  and  Contraves  as  major  subcontractors 
(References  41-47). 

5.2.3  Germany 

Ten  years  after  its  iast  geophysics  sateliite 
project  with  the  US  and  the  UK  (AMPTE,  1984), 
Germany  returned  to  the  fieid  with  a  smail  free- 
flying  sateliite  deployed  by  the  US  Space  Shut¬ 
tle.  The  University  of  Bremen,  with  the  financial 
support  of  DARA  and  the  Federal  Ministry  of 
Research  and  Technoiogy,  deveioped  the  63-kg 
micro-sateilite  named  Bremsat  to  conduct  a 
variety  of  experiments,  including  an  anaiysis  of 
the  flux  of  tiny  micrometeroids  and  space  debris 
in  very  low  Earth  orbits.  The  0.5-m  diameter 
dodecahedron  carried  a  usefui  payioad  of 
neariy  50%  of  the  total  spacecraft  mass. 


Released  at  an  altitude  of  approximately  350 
km  by  STS-60  on  9  February  1 994,  the  space¬ 
craft  performed  exceptionally  well  until  its  reen¬ 
try  into  the  Earth’s  atmosphere  almost  exactly 
one  year  later.  Particles  as  small  as  10-15  g 
were  detectable  by  the  sensitive  impact  counter 
(Reference  48). 

In  conjunction  with  ISTP,  Germany  plans  to 
launch  the  240-kg  Equator-S  spacecraft  on  a 
mission  to  measure  atomic  particies  and  elec¬ 
tromagnetic  fields  in  a  neariy  equatoriai  piane. 
After  insertion  into  a  GTO  in  1997  as  an  Ariane 
piggyback  payioad,  Equator-S  wiii  use  a  soiid- 
propeilant  motor  to  raise  its  apogee  to  approxi- 
mateiy  70,000  km.  The  Max  Planck  Institute  wiil 
manage  the  mission  which  will  also  carry  ESA 
and  US  scientific  instruments  (Reference  49). 

5.2.4  Italy 

Although  Italy’s  primary  invoivement  in  geo¬ 
physics  experiments  is  via  ESA,  a  major 
nationai  project  undertaken  in  conjunction  with 
the  US  is  the  Tethered  Sateiiite  System  (TSS). 
Designed  for  deployment  by  the  US  Space 
Shuttle,  TSS  is  a  520-kg,  1 .6-m  diameter  satei¬ 
iite  equipped  with  70  kg  of  instruments  to  evalu¬ 
ate  the  upper  atmosphere  and  geomagnetic 
fieid  at  the  end  of  a  20-km-iong,  2.5-mm-diame- 
ter  Kevlar  tether.  The  first  flight  of  TSS,  devel¬ 
oped  by  Alenia  Spazio,  was  on  STS-49  in  July- 
August,  1992.  Unfortunately,  deployment  diffi¬ 
culties  occurred  almost  immediately  and  the 
TSS  tether  was  extended  only  about  250  m, 
when  a  protruding  boit  in  the  Martin  Marietta 
depioyment  mechanism  jammed  the  device. 
The  aborted  experiment,  however,  did  indicate 
that  the  sateiiite  should  be  controllable  via 
orbiter  maneuvers.  In  addition  to  the  standard 
geophysics  experiments,  the  TSS  should  dem¬ 
onstrate  several  potential  utilities  for  tethered 
satellites,  inciuding  eiectrical  power  generation. 
The  TSS  aione  may  generate  up  to  5,000  voits 
as  the  tether  passes  through  the  geomagnetic 
field.  A  reflight  of  TSS  is  scheduled  for  early 
1996  (References  50-55). 

Alenia  Spazio  is  aiso  designing  a  smali, 
free-flyer  platform  which  could  be  used  for  geo¬ 
physics  experiments.  One  mission  under  con¬ 
sideration  is  the  Central  European  Satellite  for 
Advanced  Research  (CESAR)  which  would 
investigate  the  magnetosphere,  ionosphere, 
and  thermosphere.  Envisioned  as  a  neariy  300- 
kg  platform,  the  satellite  wouid  be  placed  in  an 
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elliptical  orbit  of  400  km  by  1,000  km  (Refer¬ 
ence  56). 

5.2.5  Japan 

During  1993-1994  Japan  continued  to  oper¬ 
ate  two  spacecraft  in  Earth  orbit  dedicated  to 
investigations  of  space  piasma  physics.  EXOS- 
D  (aka  Akebono)  was  launched  on  21  February 
1989  by  ISAS  on  a  M-3SII  booster  into  an  eiiipti- 
cal  orbit  of  275  km  by  10,475  km  at  an  inciina- 
tion  of  75°.  Designed  to  make  measurements  of 
the  Earth’s  eiectromagnetic  fields,  plasma,  and 
waves  while  imaging  the  aurora,  the  295-kg, 
spin-stabilized  EXOS-D  has  “revealed  how  the 
configuration  of  the  aurora  is  reiated  to  the  buik 
flow  of  plasma  across  the  geomagnetic  fieid 
and  how  the  activity  of  the  magnetosphere  is 
controiled  by  the  magnetic  fieid  in  interplanetary 
space”  (Reference  57).  By  1  January  1995  the 
orbit  of  EXOS-D  had  decayed  to  270  km  by 
8,400  km. 

Joining  EXOS-D  in  July,  1992,  was  the 
Geotail  satellite,  a  joint  US-Japanese  endeavor 
to  probe  the  Earth’s  geomagnetic  taii  with 
emphasis  on  magnetic  and  electric  fieids, 


plasma,  and  energetic  particies.  The  1,008-kg 
Geotaii  (Figure  5.7)  was  piaced  into  a  highiy 
eccentric  Earth  orbit  by  a  Delta-2/PAM-D  com¬ 
bination  with  an  apogee  of  approximateiy 
350,000  km.  Lunar  gravitationai  perturbations 
were  then  used  to  gradually  alter  the  orbit  to 
neariy  1.3  miilion  km  apogee  by  1994.  Space¬ 
craft  propuision  iater  lowered  the  apogee  to 
about  320,000  km  toward  the  end  of  1 994  with 
further  apogee  reductions  pianned  for  1995. 
The  diameter  and  height  of  Geotail  are  2.2  m 
and  1.6  m  respectively,  but  two  6-m-long,  mag¬ 
netometer-equipped  masts  were  depioyed  after 
iaunch  as  were  two  50-m-iong  wire  antennas 
designed  to  measure  eiectric  fields  and  waves. 
The  design  life  of  Geotaii  is  approximateiy  four 
years  (References  58-60). 

Meanwhiie,  Japan’s  1985  Sakigake  helio¬ 
centric  sateiiite  continues  to  return  data  on  the 
soiar  system  medium  and  the  Earth’s  magneto¬ 
sphere  (Section  5.3.4). 

5.2.6  People’s  Republic  of  China 

Geophysics  research  on  sateiiites  has  not 
been  given  many  opportunities  by  PRC  officiais. 


FIGURE  5.7  GEOTAIL  SATELLITE  WITH  SENSORS  STOWED. 
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The  first  notable  experiments  in  the  field  were 
conducted  by  the  Shijian-2  satellite  in  1981 
when  charged  particle  detectors  were  included 
in  the  multi-discipline  scientific  payload.  The  ini¬ 
tial  235  km  by  1 ,600  km  orbit  limited  the  data 
collection  period  to  less  than  one  year. 

Chinese  scientists  did  take  advantage  of 
the  first  test  flight  of  the  CZ-3A  launch  vehicle 
on  8  February  1994  to  deploy  the  400-kg 
Shijian-4  spacecraft.  Placed  into  a  GTO  of  212 
km  by  36,092  km  with  an  inclination  of  28.6°, 
Shijian-4  carried  proton  and  electron  detectors 
and  a  single  event  upset  (SEU)  monitor  to 
return  geophysical  data.  The  spacecraft  was 
spin-stabilized  (1 0-20  rpm)  and  employed  con¬ 
ventional,  body-mounted  silicon  solar  cells  and 
NiCd  batteries  for  the  electrical  power  system 
(Reference  61). 

5.2.7  Russian  Federation 

The  USSR/CIS  has  conducted  an  active 
program  for  geophysics  research  since  the 
launch  of  the  Elektron  spacecraft  in  1 964  for  the 
study  of  the  Van  Allen  radiation  belts.  The  two 
most  recent  missions  with  major  contributions 
from  (then)  Czechoslovakia  were  Aktivnyy 
(Interkosmos  24)  in  1989  and  APEKS  (Interkos- 
mos  25)  in  1991  (Reference  62).  Perhaps  the 
most  ambitious  geophysics  mission  is  Interbol, 
now  expected  to  be  launched  in  1995  after 
many  years  delay.  Other  geophysics  missions 
have  been  proposed,  but  fiscal  constraints  may 
lead  to  their  cancellation. 

The  Interbol  project,  originally  developed 
under  the  auspices  of  Interkosmos  and  planned 
for  launch  in  the  late  1 980’s,  is  similar  in  charac¬ 
ter  to  ESA’s  Cluster  with  four  carefully  coordi¬ 
nated  spacecraft  taking  precise  measurements 
of  different  portions  of  the  magnetosphere. 
However,  the  techniques  employed  are  some¬ 
what  different.  The  Interbol  constellation  will 
consist  of  two  pairs  of  spacecraft:  one  pair  with 
orbits  of  approximately  500  km  by  200,000  km 
(tail  probes)  and  one  pair  with  orbits  of  approxi¬ 
mately  500  km  by  20,000  km  (auroral  probes). 
Both  pairs  will  use  65°  inclination  orbits  and  will 
be  launched  6-12  months  apart  by  Molniya 
boosters  from  the  Plesetsk  Cosmodrome. 

Each  pair  of  spacecraft  will  consist  of  a 
Russian  Prognoz  M2  class  spacecraft  and  a 
Czech  Magion  spacecraft  with  masses  of 
approximately  1 ,250  kg  (1 ,400  kg  for  auroral 
probe)  and  50  kg,  respectively.  The  Prognoz  M2 
spacecraft  (Figure  5.8)  is  the  latest  model  of  the 


FIGURE  5.8  PROGNOZ-M2  SATELLITE. 


Prognoz  geophysical  satellites  introduced  in 
1972.  Prognoz  satellites  have  pioneered  the 
use  of  extremely  elliptical,  4-day  orbits  with  apo¬ 
gees  more  than  halfway  to  the  Moon.  (Prognoz 
9  used  an  even  longer  27-day  orbit  with  an  apo¬ 
gee  of  720,000  km.)  The  Prognoz  M2  space¬ 
craft,  with  a  payload  capacity  of  250-350  kg,  will 
be  spin-stabilized  with  a  main-body  diameter  of 
2.3  m  and  a  height  of  5.0  m.  With  deployed 
antennas  the  vehicle  will  span  12.5  m  by  22  m 
by  22  m.  Four  solar  panels  will  produce  up  to 
250  W  for  the  scientific  payload  from  a  total  out¬ 
put  of  900  W.  Both  probes  will  carry  a  variety  of 
plasma  and  charged  particle  detectors.  Swed¬ 
ish,  French,  and  Canadian  instruments  will  also 
be  on  board.  The  Magion  sub-satellites  will  fly  in 
close  proximity  to  the  Prognoz  spacecraft  but 
will  be  able  to  maneuver  to  as  much  as  10,000 
km  from  the  mother  craft  (Section  5.2.1)  (Refer¬ 
ences  63-66). 

The  very  high  orbit  of  Prognoz  9  (above) 
launched  in  1983,  was  necessary  to  conduct  the 
Relikt-1  experiment  to  examine  the  uniformity  of 
the  cosmic  2.7°K  black-body  radiation  which  is 
believed  to  represent  the  remnant  of  the  cre¬ 
ation  of  the  universe  according  to  the  big-bang 
theory.  An  even  more  sophisticated  program, 
called  Relikt-2,  will  continue  this  work  from  a 
halo  orbit  around  the  L2  libration  point  1.5  mil¬ 
lion  km  from  Earth  (Section  5.4.6).  A  secondary 
objective  for  this  mission  will  be  the  examination 
of  the  geotail  plasma  (References  67-71 ). 

An  even  more  complex  mission  to  under¬ 
stand  better  “solar  activity,  the  mechanisms  for 
the  transmission  of  solar  effects  through  the 
interplanetary  medium,  and  the  reactions  of 
near-planet  space  to  solar  disturbances”  is  the 
subject  of  the  proposed  multi-spacecraft 
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FIGURE  5.9  REGATTA-PLASMA  SATELLITE. 

Regatta-Plasma  mission.  The  Regatta  class  of 
spacecraft  represents  a  dramatic  move  toward 
reducing  the  size,  complexity,  and  hence  cost  of 
scientific  satellites  while  still  returning  valuable 
data.  Conceived  by  the  Institute  of  Space 
Research,  Regatta  satellites  would  be  500-600 
kg  platforms  with  40-50%  of  the  mass  devoted 
to  the  scientific  payload.  A  unique  aspect  of  the 
Regatta  configuration  (Figure  5.9)  is  the  use  of 
coated  solar  rudders  to  control  the  spin  of  the 
spacecraft  and  a  large,  immovable  solar  sail 
which  is  aligned  with  the  Sun  and  acts  as  a  gen¬ 
eral  stabilizer.  In  a  stowed  configuration  the  size 
of  Regatta  is  no  more  than  2.35  m  tall  and  2.5  m 
in  diameter,  but  in  orbit  the  spacecraft  may  be 
up  to  3.0  m  tall  and  9.0  m  in  diameter. 

The  Regatta-Plasma  mission  calls  for  a 
constellation  of  five  spacecraft  in  widely  dis¬ 
persed  orbits  (Figure  5.10).  Regatta-Ye  would 
conduct  research  within  the  Earth’s  radiation 
belts  in  an  orbit  of  500  km  by  25,000  km  with  an 
inclination  of  62.5°.  Regatta-A  would  orbit  the 
Earth  in  a  manner  similar  to  ESA’s  Cluster  sat¬ 
ellites  (Section  5.2.2),  i.e.,  perigee  of  4  RE,  apo¬ 
gee  of  22  RE,  and  an  inclination  of  90°. 
Regatta-D  would  follow  a  complicated  path  with 
periodic  fly-by’s  of  the  Moon.  The  last  space¬ 
craft,  Regatta-V  and  Regatta-S,  would  be 
inserted  into  halo  orbits  around  the  LI  and  L2 
libration  points,  respectively.  This  multi-dimen¬ 
sional,  time-sensitive  network  would  provide  a 
comprehensive  look  at  the  response  of  the 
near-Earth  environment  to  solar  activity.  Initially 


proposed  for  operation  during  1994-1997,  the 
Regatta-Plasma  mission  is  now  likely  to  be 
delayed  at  least  several  years  due,  in  part,  to 
restructuring  of  the  Russian  space  program 
(References  72-75). 

5.2.8  Sweden 

The  launch  of  Sweden’s  Freja  (a  goddess 
from  Norse  mythology)  satellite  by  PRC  as  a 
piggyback  payload  on  6  October  1992  marked 
the  nation’s  second  geophysics  satellite.  In 
1986,  Sweden  launched  (piggyback  with  SPOT- 
1)  the  Viking  geophysics  satellite,  which  oper¬ 
ated  for  over  14  months.  The  focus  of  both  mis¬ 
sions  was  observation  of  the  aurora.  The  Freja 
project  is  managed  by  the  Swedish  National 
Space  Board  and  controlled  from  Swedish 
Space  Corporation’s  (SSC)  Esrange  ground 


FIGURE  5.10  PROPOSED  DISTRIBUTION  OF 
REGATTA-PLASMA  SATELLITES. 
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station.  Swedish  Space  Corporation  acted  as 
prime  contractor  for  Freja,  whiie  the  Max  Pianck 
Institute’s  Institute  for  Extraterrestriai  Physics  in 
Garching,  Germany,  served  as  a  scientific  part¬ 
ner  on  the  project.  The  eight  sensors  on  Freja 
(three  Swedish,  two  German,  two  Canadian, 
and  one  American)  detect  electric  and  magnetic 
fieids,  hot  and  coid  plasmas,  waves  and  parti¬ 
cles,  and  aurora.  The  214-kg,  2.2-m  diameter, 
dish-shaped  Freja  operates  in  an  eilipticai  orbit 
of  about  600  km  by  1 ,800  km  at  an  inciination  of 
63°  (Reference  76). 

From  its  experience  in  deveioping  Freja, 
SSC  designed  a  much  smaiier  sateliite  platform, 
Freja-C,  with  a  totai  mass  of  iess  than  30  kg. 
The  first  appiication  of  the  Freja-C  bus  wili  be 
the  Astrid  1  spacecraft  scheduled  for  launch  in 
eariy  1 995  by  a  Russian  Cosmos  booster  as  a 
piggyback  payioad.  From  its  roughiy  1 ,000-km, 
83°  orbit,  Astrid  1  wiii  image  the  aurora  with  two 
uitra-vioiet  sensors  and  wiil  also  carry  an  ener¬ 
getic  neutrai  atom  anaiyzer  and  an  eiectron 
spectrometer.  The  28-kg,  spin-stabiiized  space¬ 
craft  is  based  on  a  0.4-m  wide  cube  with  four 
0.4  m  by  0.4  m  solar  panels.  An  Astrid  2  space¬ 
craft  is  tentatively  planned  for  another  geophys¬ 
ics  mission  in  a  similar  orbit  in  1996  (Refer¬ 
ences  56,  77-78). 

5.2.9  United  Kingdom 

The  June,  1994,  launches  of  the  STRV  1A 
and  IB  (Space  Technology  Research  Vehicles) 
spacecraft  marked  the  first  time  in  10  years 


FIGURE  5.1 1  STRV-1 A  SATELLITE. 


(AMPTE,  Section  5.2.3)  that  the  UK  had  long- 
lived  geophysics  satellites  in  Earth  orbit. 
Although  developed  by  Defense  Research 
Agency  as  a  technology  testbed,  the  STRV  pro¬ 
gram  provided  an  opportunity  of  acquiring  valu¬ 
able  information  on  the  near-Earth  radiation  and 
particulate  environment.  The  two  spacecraft 
were  inserted  in  highly  elliptical  orbits  of  approx¬ 
imately  280  km  by  35,850  km  at  7°  inclination 
as  piggyback  payloads  on  an  Ariane  mission. 
The  50-kg  spacecraft  (Figure  5.11)  with  dimen¬ 
sions  of  0.4  m  by  0.5  m  by  0.5  m  were  equipped 
with  gallium-arsenide  solar  cells  for  a  beginning 
of  life  power  level  of  30  W.  STRV  1A  carried 
cosmic  ray  sensors  (CREDO,  Cosmic  Ray 
Effects  and  Dosimeter),  while  STRV  IB  hosted 
a  UK  radiation  and  proton  detector  (RADMON, 
Radiation  Monitor)  and  an  ESA  radiation  envi¬ 
ronment  monitor  (REM)  for  charged  particles 
(References  79-81). 

5.3  SOLAR  SYSTEM  INVESTIGATIONS 

This  section  presents  solar  system  explora¬ 
tion  programs,  both  in  terms  of  planetary  probes 
and  solar  research,  i.e.,  geocentric  and  helio¬ 
centric  satellites.  Some  of  the  missions 
described  below  are  coordinated  through  the 
International  Solar  Terrestrial  Physics  (ISTP) 
program  described  in  Section  5.2.  That  section 
details  the  missions  that  are  largely  Earth-cen¬ 
tered,  chiefly  investigating  geomagnetospheric 
effects,  while  the  programs  discussed  below 
focus  on  the  properties  and  characteristics  of 
other  members  of  the  solar  system. 

5.3.1  European  Space  Agency 

With  the  successful  Giotto  comet  rendez¬ 
vous  mission  (1985-1992)  behind  (Reference 
82),  ESA  scientists  concentrated  during  1993- 
1994  on  the  culmination  of  the  Ulysses  Sun 
explorer  and  plans  for  several  more  pioneering 
solar  system  probes.  However,  ESA  budget 
realities  are  likely  to  retard  the  growing  pace  of 
adopting  such  challenging  missions.  The  Hori¬ 
zon  2000  long-range  space  science  program 
created  by  ESA  in  1 985  has  chosen  four  corner¬ 
stone  missions  (SOHO/Cluster,  XMM,  Rosetta, 
and  FIRST)  and  two  medium-size  missions  (aka 
M  missions:  Huygens  and  INTEGRAL)  for  both 
the  exploration  of  the  solar  system  and  beyond 
(the  XMM,  FIRST,  and  INTEGRAL  missions  are 
covered  in  Section  5.4.1).  Additional  M  missions 
and  a  new  Horizon  2000  Plus  program  are 
under  consideration. 
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FIGURE  5.12  ULYSSES  AT  THE  SUN. 


The  Ulysses  mission,  designed  to  coiiect 
the  first  close  observations  of  the  soiar  polar 
regions  and  3-dimensional  heliosphere  data, 
compieted  the  first  of  its  major  objectives  in 
1994  by  reconnoitering  the  Sun’s  southern 
hemisphere.  Originally  part  of  a  two-spacecraft 
program  between  ESA  and  NASA  called  the 
International  Solar  Polar  Mission,  Ulysses 
became  a  solitary  program  in  1981  when  the 
US  companion  spacecraft  was  canceled. 
Ulysses  then  experienced  a  four-year  launch 
delay  in  the  aftermath  of  the  Space  Shuttle 
Challenger  accident,  finally  being  launched  in 
July,  1990,  during  the  STS-41  mission.  How¬ 
ever,  before  reaching  the  Sun  the  370-kg 
spacecraft  first  had  to  fly  by  Jupiter  in  February, 
1992,  to  receive  a  gravity-assisted  deflection 
out  of  the  ecliptic  and  back  toward  the  center  of 
the  solar  system. 

Some  28  months  after  its  encounter  with 
Jupiter,  Ulysses  began  its  survey  of  the  Sun’s 
southern  latitudes  in  earnest.  From  June  to 
October,  1994,  the  craft  monitored  the  electro¬ 
magnetic  and  charged  particle  environment, 
reaching  a  maximum  solar  latitude  of  -80°  in 


September.  Ulysses’  trajectory  will  carry  it  back 
across  the  ecliptic  in  early  1995  with  a  closest 
approach  of  200  million  km  and  then  over  the 
northern  hemisphere  for  another  polar  cam¬ 
paign  during  June-September.  After  completing 
this  survey  of  the  Sun,  Ulysses  will  follow  a  tra¬ 
jectory  back  toward  the  orbit  of  Jupiter.  Aph¬ 
elion  should  occur  in  1998  although  Jupiter  will 
be  more  than  100  million  miles  away.  If  Ulysses 
is  still  functioning,  a  second,  close-up  survey  of 
the  Sun  could  commence  late  in  the  year  2000 
when  the  spacecraft  once  again  approaches  the 
solar  southern  regions. 

The  spin-stabilized  (5  rpm)  spacecraft  (Fig¬ 
ure  5.12)  is  powered  by  a  US-supplied  radioiso¬ 
tope  thermoelectric  generator.  A  complex  array 
of  more  than  a  dozen  scientific  instruments 
comprise  the  55-kg  payload.  The  prime  contrac¬ 
tor  was  Dornier  with  British  Aerospace  (now 
Matra  Marconi),  DASA,  and  Fokker  as  major 
subcontractors  (References  83-91). 

The  Sun  will  be  monitored  from  afar  with  the 
1995  launch  of  ESA’s  Solar  Heliospheric  Obser¬ 
vatory  (SOHO).  Placed  in  a  halo  orbit  about  the 
LI  libration  point  (between  the  Earth  and  the 


FIGURE  5.13  SOHO  SATELLITE. 
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Sun),  SOHO  (Figure  5.13)  will  conduct  a  3-part 
program  of  helioseismology,  solar  atmosphere 
remote  sensing,  and  in  situ  solar  wind  observa¬ 
tions  as  ESA’s  second  half  of  the  STSP  (Sec¬ 
tion  5.2.2).  In  cooperation  with  NASA,  SOHO 
will  be  launched  by  an  Atlas-Centaur  booster. 

A  contractor  team  led  by  Matra  Marconi  was 
hard  at  work  during  1993-1994  testing  and  inte¬ 
grating  the  spacecraft  (Figure  5.14).  With  an  ini¬ 
tial  mass  of  1 ,850  kg,  SOHO  is  3.65  m  in  diame¬ 
ter  and  3.8  m  tall  with  a  solar  array  span  of  9.5 
m.  The  3-axis  stabilized  spacecraft  will  carry  a 
610-kg  payload  of  12  major  instruments:  three 
for  helioseismology  (GOLF,  VIRGO,  and  MDI/ 
SOI),  six  for  solar  atmosphere  observations 
(SUMER,  CDS,  EIT,  UVCS,  LASCO,  and 
SWAN),  and  three  for  solar  wind  measurements 
(CELIAS,  COSTEP,  and  ERNE),  The  design 
lifetime  is  two  years  with  reserves  available  for 
up  to  four  additional  years  (References  92-96). 

ESA’s  next  solar  system  exploration  pro¬ 
gram  will  be  directed  toward  the  outer  reaches 
of  the  solar  system:  Saturn’s  moon  Titan.  The 
US-ESA  Cassini/Huygens  mission  (Figure  5.15) 
will  place  the  first  artificial  satellite  in  orbit 
around  Saturn  and  the  first  man-made  probe  in 
the  atmosphere  of  Titan.  ESA’s  375-kg  2.7-m 


FIGURE  5.14  INTEGRATION  OF  SOHO 
STRUCTURAL  MODEL. 


FIGURE  5.15  CASSINI  AND  HUYGENS 
PROBE  IN  THE  SATURN  SYSTEM. 


diameter  Huygens  atmospheric  vehicle  (aka  the 
Ml  mission)  is  scheduled  to  encounter  the  dis¬ 
tant  moon  in  late  November,  2004,  after  a 
launch  with  Cassini  by  a  Titan  4  booster  in 
October,  1997,  and  gravity  assists  by  Venus 
(2),  Earth,  and  Jupiter.  During  1994  Huygens’ 
heat  shield  of  1 60  tiles  of  silica  fibers,  designed 
to  withstand  entry  temperatures  up  to  2,000°C, 
was  being  carefully  fabricated  (Figure  5.16). 

A  complement  of  six  major  instruments  will 
be  in  operation  during  the  3-hour  atmospheric 
descent:  Aerosol  Collector  and  Pyrolyzer 
(ACP),  Descent  Imager/Spectral  Radiometer 
(DISR),  Doppler  Wind  Experiment  (DWE),  Gas 
Chromatograph  Neutral  Mass  Spectrometer 
(GCMS),  Huygens  Atmospheric  Structure 
Instrument  (HASI),  and  Surface  Science  Pack¬ 
age  (SSP).  If  the  probe  survives  the  impact  on 
Titan,  battery  life  will  probably  severely  limit  the 
amount  of  subsequent  information  which  may 
be  returned.  The  prime  contractor  for  Huygens 
is  Aerospatiale  (References  97-103). 

After  many  years  of  planning  and  concep¬ 
tual  design,  initially  in  conjunction  with  NASA, 
the  Rosetta  Primordial  Bodies  mission  was 
selected  by  ESA  in  November,  1993,  as  the 
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FIGURE  5.16  HUYGENS  PROBE  HEAT 
SHIELD  IN  FABRICATION  AND  TESTING. 


third  cornerstone  of  the  Horizon  2000  space  sci¬ 
ence  program.  The  revised  1994  mission  profile 
called  for  a  launch  in  January,  2003  for  a  ren¬ 
dezvous  with  Comet  Wirtanen  in  late  2011, 
remaining  with  the  natural  body  through  perihe¬ 
lion  passage  in  2013.  The  objective  of  the  mis¬ 
sion  is  to  “undertake  remote  sensing  of  the 
nucleus  and  the  near-coma  and  carry  out  in  situ 
measurements  of  the  surface  using  a  small 
deployed  instrument  package”  (Reference  104). 
(The  original  ESA-NASA  plan  envisioned  a 
more  challenging  comet  nucleus  sample 
return.)  Later,  the  surface  instruments  were 
separated  into  two  surface  science  packages 
(SSPs).  The  candidate  spacecraft  bus  is  a  vari¬ 
ant  of  Matra  Marconi’s  Eurostar  GEO  communi¬ 
cations  satellite  (Figure  5.17).  The  spacecraft 
and  payload  are  still  in  the  definition  and  early 
design  phase  (References  104-111). 

Candidate  selection  for  the  M3  mission  nar¬ 
rowed  considerably  during  1993-1994,  leaving 
only  five  proposals  for  Phase  A  development  by 
the  end  of  the  period.  Two  of  the  five  have  solar 
system  exploration  objectives:  InterMarsNet 
and  MORO  (Moon  Orbiting  Observatory).  The 
InterMarsNet  project  calls  for  the  deployment  of 
several  landers  on  Mars  to  monitor  the  environ¬ 
ment  and  report  back  to  Earth  via  an  arbiter 
spacecraft.  The  project  could  become  a  broader 
international  endeavor  with  participation  by  the 
US,  the  Russian  Federation  or  other  countries. 
MORO  would  be  a  1,200-kg  class  spacecraft, 
possibly  with  a  small  subsatellite,  given  a  pri¬ 
mary  mission  of  high  resolution  stereo  imaging 
of  the  lunar  surface.  Another  M3  proposal  for  a 


Mercury  orbiter  was  dropped  in  1994  but  may 
be  reconsidered  under  a  different  mission 
opportunity.  The  tentative  launch  date  for  M3, 
which  should  be  chosen  by  1996,  is  2003  (Ref¬ 
erences  112-116). 

The  Horizon  2000  Plus  space  science  pro¬ 
gram  remains  in  the  formative  stage,  but  two 
proposals,  including  a  Mercury  orbiter,  already 
have  strong  internal  support.  Launches  are 
anticipated  in  the  2006-2016  time-frame  (Refer¬ 
ences  117-119).  Meanwhile,  a  separate  effort  is 
underway  by  some  ESA  members  to  adopt  a 
more  aggressive  lunar  exploration  program 
which  would  include  lunar  landers  and  auto¬ 
mated  lunar  scientific  stations  (References  120- 
122). 

5.3.2  France 

Aside  from  its  considerable  involvement 
with  the  ESA  programs,  France  also  launched  a 
modest  Jupiter  research  mission  on  17  July 
1991.  The  SARA  (Satellite  for  Amateur  Radio 
Astronomy)  spacecraft,  designed  by  college 
students  at  the  Ecole  Superieure  d’Ingeniur  en 
Electrotechnique  et  Electronique  in  Noisy  le 
Grand,  was  fielded  with  support  from  ONES  and 
French  aerospace  companies.  The  mission  of 
the  microsatellite  was  to  monitor  the  Jovian 
atmosphere  for  radio  emissions  in  pursuit  of  a 
better  understanding  of  the  giant  planet’s  mag¬ 
netosphere.  The  19-kg,  0.4  m  per  edge,  cubic 
SARA,  which  was  deployed  from  an  Ariane  4 
ASAP  (Ariane  Structure  for  Auxiliary  Payloads) 
platform,  was  inserted  into  a  770  km  by  777  km, 
98.54°  inclination  orbit.  Unfortunately,  a  mal¬ 
function  prevented  the  return  of  any  useful  data. 


FIGURE  5.17  ROSETTA  SATELLITE. 
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FIGURE  5.18  SOLAR-A  (YOHKOH) 
SATELLITE. 


and  no  further  missions  of  this  nature  are  firm 
(Reference  123). 

5.3.3  India 

In  1982  the  Indian  Space  Research  Organi¬ 
zation  announced  ambitious  plans  to  conduct 
planetary  exploration  missions,  specifically 
identifying  Mars,  Mercury,  and  Venus  as  high 
priority  candidates.  The  missions,  which  could 
commence  around  the  turn  of  the  century, 
would  be  launched  by  India’s  GSLV,  now 
scheduled  for  its  maiden  flight  in  1 998.  A  pro¬ 
posed  250-kg  class  Mercury  orbiter  has  already 
attracted  some  attention  with  a  suite  of  scientific 
instruments  which  could  include  high-resolution 
cameras,  magnetometers,  and  multi-band  radi¬ 
ometers  and  spectrometers.  No  program  com¬ 
mitments  had  been  made  by  the  end  of  1994 
(References  124-126). 

5.3.4  Japan 

Japan  has  a  growing  portfolio  of  solar  sys¬ 
tem  investigations,  and  planned  future  missions 
will  further  expand  Japan’s  position  via  direct 
solar  system  exploration.  To  date  ISAS,  rather 
than  NASDA,  has  been  the  primary  agency 
involved  with  such  missions.  Starting  in  1971 
with  the  Shinei  (New  Star)  satellite,  ISAS  has 
fielded  four  solar  research  experiments,  culmi¬ 
nating  with  the  Yohkoh  (Sunbeam)  probe,  also 
known  as  Solar-A  (Figure  5.18),  on  30  August 
1 991  from  the  Kagoshima  Space  Center.  The 
420-kg,  2  m  by  1  m  by  1  m  box-shaped  satellite 
resides  in  low-Earth  orbit  (515  km  by  745  km, 
as  of  31  December  1994)  with  four  solar  sen¬ 
sors:  hard  and  soft  X-ray  telescopes,  a  Bragg 


crystal  spectrometer  and  a  wide-band  spec¬ 
trometer.  Yohkoh  is  the  first  satellite  to  provide 
continuous  ’video’  of  events  in  the  X-ray  and 
gamma-ray  spectra  and  has  already  inundated 
solar  researchers  with  hundreds  of  thousands 
of  high-quality  images.  The  particular  bands 
chosen  yield  data  on  the  activity  of  high-temper- 
ature  gases  and  high-energy  phenomena  on 
the  Sun’s  surface.  The  project  also  involved 
researchers  in  the  US  and  UK  (References  58, 
127-130). 

Japan  launched  its  first  deep  space  probes 
in  1 985  as  part  of  the  international  fleet  to  study 
Halley’s  comet.  The  Sakigake  (Pioneer)  and 
Suisei  (Comet)  probes  were  more  distant 
observers  than  ESA’s  Giotto  but  returned  much 
valuable  information  on  the  Halley-induced 
space  environment.  Both  spacecraft  were  short, 
spin-stabilized  drums  with  a  total  mass  of  about 
140  kg.  Although  Suisei  failed  in  1991,  Saki¬ 
gake  (Figure  5.19)  was  still  operational  at  the 
end  of  1994.  In  recent  years  it  has  returned 
valuable  information  on  the  solar  system 
medium  and  the  Earth’s  magnetosphere  (Refer¬ 
ences  131-132). 

Japan’s  first  lunar  mission,  Muses-A  (aka 
Hiten,  Figure  5.20),  came  to  an  abrupt  end  on 
11  April  1993  when  the  1.4-m  diameter,  0.85m 
tall,  180-kg  spacecraft  completed  its  3-year  mis¬ 
sion  with  an  impact  near  the  crater  Furnerius. 
From  January,  1990,  to  February,  1992,  Muses- 
A  had  traveled  around  the  Earth-Moon  system 
in  a  variety  of  winding  trajectories  before  finally 


FIGURE  5.19  MS-T5  (SAKIGAKE) 
SATELLITE. 
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FIGURE  5.20  MUSES-A  (HITEN)  WITH 
HAGOROMO  LUNAR  ORBITER 
ATTACHED  (TOP). 

entering  lunar  orbit.  Early  in  the  mission,  a  small 
11 -kg  sub-satellite  called  Hagoromo  had  been 
injected  into  lunar  orbit  but  a  communications 
failure  resulted  in  the  return  of  no  useful  data 
(References  133-137). 

ISAS  has  two  major  solar  system  explora¬ 
tion  projects  under  development  for  1997-1998 
launches;  Lunar-A  and  Planet-B.  Both  space¬ 
craft  will  take  advantage  of  the  new,  greater 
capacity  M-5  launch  vehicle  to  be  introduced  in 
1996  or  1997.  The  Lunar-A  mission  profile  (Fig¬ 
ure  5.21)  envisions  both  a  mapping  lunar  arbiter 
and  small  penetrators  for  seismic  and  thermal 
studies  of  the  Moon.  The  arbiter  will  deploy 
three  probes  to  the  Moon  over  a  one  month 
period  in  1998  after  launch  in  1997.  The  0.12  m 
diameter  by  0.80  m  instrumented  spikes  will 
impact  the  lunar  surface  (two  on  the  nearside 
and  one  on  the  farside)  at  about  300  m/s  and 
will  return  heat  loss  information  and  seismic 
data  on  moonquakes  in  an  attempt  to  determine 
the  core  state  of  the  Moon,  which  has  puzzled 
researchers  for  decades.  The  2.2  m  diameter  by 
2  m  high,  500-kg  orbiter  will  then  assume  a  low 
altitude  lunar  mapping  and  data  relay  orbit, 
probably  with  a  CCD  camera.  Imagery  detail 
may  be  about  20  m.  The  data  from  both  studies 
should  aid  in  mission  definition  and  planning  for 


future  manned  lunar  visits  and/or  bases.  Lunar- 
A  will  draw  on  the  experience  in  lunar  transfer 
orbits  and  subsatellite  deployment  gained  with 
the  Hiten/Hagomoro  mission  (References  138- 
142). 

The  second  pending  interplanetary  ISAS 
mission  is  Planet-B  (Figure  5.22),  a  Mars  orbital 
mission  due  for  launch  in  1998  with  arrival  at 
the  Red  Planet  in  1999.  The  primary  goal  of  the 
35-kg  payload  will  be  to  study  the  interaction  of 
the  solar  wind  with  Mars’  atmosphere.  Mars  has 
a  very  weak  magnetic  field  as  compared  with 
Earth  and  all  other  planets  except  Venus,  thus  it 
is  suspected  that  the  unobstructed  solar  wind 
strips  away  much  of  the  Martian  atmosphere. 
The  spacecraft  will  weigh  approximately  540  kg 
at  launch  with  a  bus  diameter  of  2.0  m.  The 
spin-stabilized  (7.5  rpm)  Planet-B  will  also  fea¬ 
ture  two  solar  arrays  capable  of  producing  up  to 
200  W  in  Mars  orbit,  a  5-m  long  mast,  a  1.7-m 
long  boom,  and  four  wire  antennas  about  25  m 
in  length.  Twelve  principal  instruments  have 
been  selected  to  measure  the  local  particles 
and  fields  in  addition  to  mapping  the  Martian 


FIGURE  5.21  LUNAR-A  ORBITER  AND 
PENETRATORS. 


298 


FIGURE  5.22  PLANET-B  MARS  ORBITER. 

surface  from  altitudes  ranging  from  150  km  to 
30,000  km  (References  143-148). 

ISAS  is  aiso  considering  a  wide  variety  of 
proposais  for  missions  to  be  iaunched  early  in 
the  next  century.  Currently  under  study  are  the 
Nereus  asteroid  sample  return  project,  the 
SOCCER  comet  sample  return  mission,  and 
Venus  exploration  programs  employing  plane¬ 
tary  arbiters  and  atmospheric  balloon  probes. 

Japan’s  larger  space  agency,  NASDA,  is 
developing  plans  to  conduct  its  very  first  deep 
space  missions,  some  in  conjunction  with  ISAS. 
With  the  help  of  NASDA’s  much  larger  H-ll 
launch  vehicle,  more  sophisticated  missions 
can  be  attempted.  A  series  of  lunar  missions, 
beginning  with  a  lunar  arbiter  and  progressing 
to  lunar  rovers  and  sample  return  missions,  has 
been  recommended.  Particular  interest  has 
been  generated  in  the  possibility  of  extracting 
Helium-3  from  the  lunar  surface.  Even  more 
grandiose,  manned  lunar  bases  are  under  study 
by  both  government  and  industry.  A  Mercury 
sample  return  mission  and  an  automated  Mar¬ 
tian  rover  are  also  being  considered  (Refer¬ 
ences  149-156). 

5.3.5  People’s  Republic  of  China 

Budgetary  and  technical  constraints  have 
heretofore  hindered  Chinese  aspirations  of 
solar  system  exploration.  In  1992  a  senior  Chi¬ 
nese  official  indicated  his  country’s  desire  to 
participate  in  planetary  missions,  particularly  to 
Mars.  The  PRC  has  played  a  very  minor  role  in 
the  Russian-led  Mars-98  mission.  The  first 
national  deep  space  science  mission  may  be  a 
lunar  arbiter,  currently  under  study  for  a  possi¬ 


ble  launch  at  the  turn  of  the  century  (Refer¬ 
ences  157-158). 

5.3.6  Russian  Federation 

For  three  decades  (1959-1988)  the  former 
Soviet  Union  was  at  the  vanguard  of  solar  sys¬ 
tem  exploration,  repeatedly  achieving  historic 
milestones  such  as  the  first  lunar  flyby,  lunar 
impact,  lunar  lander,  lunar  arbiter,  unmanned 
lunar  sample  return,  lunar  rover,  Venus  atmo¬ 
spheric  and  surface  probes,  and  Venus  radar 
mapper.  At  the  30th  anniversary  celebrations  of 
the  launch  of  Sputnik  1,  Soviet  officials  painted 
an  ambitious  plan  for  solar  system  exploration 
of  nearly  a  dozen  complex  missions  targeting 
natural  bodies  from  the  Sun  to  as  far  away  as 
Saturn.  However,  only  the  Phobos  missions  of 
1988,  which  were  less  than  a  year  from  launch, 
ever  left  the  Earth,  and  both  of  those  spacecraft 
failed  in  their  primary  missions.  The  Russian 
Federation,  the  beneficiary  of  a  great  solar  sys¬ 
tem  exploration  legacy,  is  now  struggling  to 
launch  two  Mars-bound  spacecraft  before  the 
end  of  the  decade.  All  other  proposed  flights  will 
undoubtedly  be  deferred  until  the  next  century 
(Reference  159). 

The  year  1994  was  supposed  to  witness  the 
launch  of  the  now-international  Mars-94  space¬ 
craft,  designed  to  place  a  heavy  platform  into 
Mars  orbit  and  to  drop  four  small  probes  onto 
the  Martian  surface.  Originally  conceived  as  the 
Columbus  Project  with  a  1992  launch  date, 
Mars-94  was  redefined  and  simplified  several 
times  before  its  rescheduled  launch  in  October, 
1994,  with  only  a  single  spacecraft.  The  Rus¬ 
sian-led  mission  now  included  substantial  par¬ 
ticipation  from  the  former  Soviet  bloc  nations, 
France,  Germany,  UK,  Japan,  US,  and  others  - 
more  than  20  countries  in  all. 

The  Mars-94  hardware  and  mission  profile 
are  depicted  in  Figure  5.23.  The  cruise  space¬ 
craft  is  shown  with  the  surface  experiments  on¬ 
board  during  the  journey  to  the  Red  Planet  after 
launch  by  a  Proton  booster.  A  few  days  before 
reaching  Mars,  the  two  small  station  surface 
probes  are  released  for  a  direct  entry  into  the 
Martian  atmosphere.  The  two  penetrator  probes 
are  released  from  the  mother  spacecraft  after  a 
stable  Mars  orbit  has  been  obtained.  All  four 
landers  will  be  powered  by  radioisotope  thermo¬ 
electric  generators  (RTGs)  to  permit  lifetimes  of 
up  to  one  year.  The  orbiter  will  revolve  about 
Mars  in  highly  elliptical,  12-15  hour  orbits  to 
carry-out  its  own  intensive  survey  of  the  planet 
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and  to  serve  as  a  data  collector  from  the  sur¬ 
face  instruments.  The  scientific  program  is  man¬ 
aged  by  the  Russian  Academy  of  Sciences’ 
Institute  of  Space  Research,  while  the  Babakin 
Engineering  and  Research  Center  of  the  Lav¬ 
ochkin  Scientific  Production  Association  is 
responsible  for  most  spacecraft  hardware, 
excluding  the  scientific  instruments  (References 
160-162). 

From  high  hopes  and  strong  commitments 
in  early  1993,  the  Mars-94  program  began  to 
gradually  unwind  as  the  year  progressed  with 
severe  doubts  by  the  end  of  the  year  that  the 
launch  schedule  could  be  achieved  (References 
163-171).  By  April  1994,  just  six  months  before 
the  planned  lift-off  of  Mars-94,  the  Russian 
Space  Agency  decided  the  mission  would  have 
to  be  postponed  until  the  next  flight  opportunity 
in  1996.  Unfortunately,  the  launch  window  for 
the  newly  rechristened  Mars-96  will  not  be  as 
favorable  as  the  1994  window,  leading  to  a 
reduction  in  payload  or  equally  undesirable 
changes  in  the  flight  profile.  By  the  end  of  1 994 
worries  about  a  complete  cancellation  of  the 


project  had  surfaced  (References  172-179). 
Figures  5.24  and  5.25  illustrate  the  latest  con¬ 
figuration  of  the  Mars-96  arbiter  and  small  sta¬ 
tion,  respectively. 

The  two-year  delay  for  the  former  Mars-94 
had  the  expected  domino  effect  of  revising  the 
original  Mars-96  mission  launch  to  1998, 
thereby  changing  its  name  to  Mars-98.  The 
main  Mars-98  scientific  payloads  are  an  atmo¬ 
spheric  balloon  probe  and  a  miniature  Mars 
rover,  both  originally  envisioned  for  the  1 992 
Columbus  Project,  temporarily  moved  to  Mars- 
94,  and  then  manifested  on  Mars-96  (now  Mars- 
98).  The  balloon  probe  is  primarily  a  Russian- 
US-French  undertaking  with  a  total  mass  of  65 
kg  and  a  design  life  of  10  days  during  which  it 
may  travel  up  to  1 ,500  km  across  the  planet, 
dragging  an  instrumented  package  along  the 
surface  each  night.  The  rover  is  a  product  of  the 
Russian  Institute  of  Transport  Mechanical  Engi¬ 
neering  with  a  mass  of  75-80  kg,  a  width  of  0.95 
m  and  a  length  of  0.7-1 .2  m,  depending  upon 
the  terrain  (Figure  5.26).  Like  the  Mars-96 
landers,  the  rover  will  be  powered  by  a  small 


FIGURE  5.24  MARS-96  MODEL  WITH  LANDING  PROBES. 
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FIGURE  5.25  MARS-96  LANDING  STATION. 


RTG.  The  Mars-98  main  spacecraft  will  relay 
data  from  the  balloon  and  rover  to  Earth  from  its 
orbit  about  Mars.  Engineering  modeis  of  the 
baiioon  and  the  rover  have  been  undergoing 
extensive  tests  on  Earth  for  severai  years.  How¬ 
ever,  by  late  1 994  new  concerns  about  the  via¬ 
bility  of  Mars-98  were  raised,  including  the  pos¬ 
sibility  that  the  payload  would  be  dramatically 
downsized  to  accommodate  a  launch  by  a 
Molniya  rather  than  a  Proton  booster  (Refer¬ 
ences  180-195). 

With  the  disarray  existing  within  the  Rus¬ 
sian  solar  system  exploration  program,  no  com¬ 
mitments  to  other  missions  have  been  made. 
However,  a  number  of  proposals  retain  a  very 
high  level  of  interest  within  the  scientific  com¬ 
munity,  and  behind-the-scenes  negotiations  are 
underway  to  find  either  domestic  or  international 
financial  support.  Perhaps  the  most  likely  next 
mission  will  be  a  joint  US-Russian  project  to 
send  an  instrumented  vehicle  past  Pluto  and 
dropping  a  probe  on  its  surface,  the  oft-dis¬ 
cussed  Pluto  Fast  Fly-by  mission.  One  scenario 
envisions  a  spacecraft  launched  in  1999  by  a 
Russian  booster  reaching  Pluto  in  the  period 
2006-2007.  Another  joint  US-Russian  mission, 
based  on  the  new  American  Discovery  pro¬ 
gram,  would  renew  Venus  studies  under  the 
Surface-Atmosphere  Geochemistry  Experi¬ 
ments  (SAGE)  concept,  taking  advantage  of 
Russian  Venus  lander  technology.  Finally,  a 
number  of  lunar  exploration  missions  have  been 
suggested  with  an  emphasis  on  lunar  rovers 
and  exploitation  of  lunar  materials  (References 
196-211). 

On  a  more  positive  note,  after  several  years 
of  delays  the  Russian  Federation  in  conjunction 
with  the  Ukrainian  Space  Agency  launched  the 
first  of  two  planned  KORONAS  (Complex 


Orbital  Near-Earth  Observations  of  Activity  of 
the  Sun)  Earth-orbiting  solar  observatories. 
KORONAS-I  was  launched  on  2  March  1994  by 
a  Tsyklon-3  booster  from  the  Plesetsk  Cosmo¬ 
drome  and  inserted  into  an  orbit  of  487  km  by 
528  km  at  an  inclination  of  82.5°.  The  foci  of  the 
KORONAS-I  investigations  are  solar  neutrino 
emissions  (via  helioseismology)  and  the  struc¬ 
ture  of  the  high  temperature  regions  of  the  solar 
atmosphere.  The  principal  scientific  instruments 
included  the  TEREK-C  multi-channel  imaging 
telescope  and  coronograph,  the  GELIKON  and 
DIOGENESS  solar  flare  analyzers,  the  IRIS 
solar  flare  spectrometer,  the  AVS  solar  gamma- 
ray  detector,  the  SUFR-SP-K  radiometer  and 
the  VUSS  spectrometer  for  ultraviolet  investiga¬ 
tions,  the  DIFOS  solar  optical  photometer,  and 
the  SKL  cosmic  ray  spectrometer. 

The  KORONAS-I  spacecraft  is  the  first  use 
of  the  new  Ukrainian  AUOS-SM-AI  platform 
(Figure  5.27),  designed  and  manufactured  by 
the  Yuzhnoye  Scientific  Production  Association. 
The  original  AUOS  (Automatic  Universal  Orbital 
Station)  platform  has  been  in  use  since  1976. 
The  2,300  kg  spacecraft  includes  410  kg  for  the 
scientific  instruments.  KORONAS-I  has  a  diam¬ 
eter  of  2.3  m  and  a  height  of  5.0  m  with  a  total 
span  of  12.8  m  with  all  solar  panels  and  anten¬ 
nas  deployed.  The  3-axis  stabilized  spacecraft 
is  the  first  AUOS  spacecraft  to  be  solar-ori¬ 
ented.  The  launch  of  the  sister  KORONAS-F 


FIGURE  5.26  MARS-98  MARS  ROVER. 
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spacecraft  has  been  delayed  indefinitely.  In 
addition  to  Russian  and  Ukrainian  support,  the 
KORONAS  program  has  enjoyed  the  participa¬ 
tion  of  Poland,  Bulgaria,  the  Czech  Republic, 
Slovakia,  Germany,  France,  and  the  US.  The 
mission  design  life  is  6-7  years  (References 
212-219). 

Another  proposed  application  of  the  small 
Regatta  spacecraft  (Section  5.2.7)  is  the  SAPS 
(Solar  Activity  Patrol  System)  project,  previ¬ 
ously  known  as  SPAS  (Solar  Patrol  and  Alert 
Satellite).  The  purpose  of  the  system,  with  one 
or  more  Regatta  spacecraft  in  a  halo  orbit  about 
the  LI  libration  point  between  the  Earth  and  the 
Sun  (1.5  million  km  from  Earth),  is  to  provide 
warning  of  approaching  solar  phenomenon. 
Specifically,  realtime  notification  of  solar  flares 
and  proton  events,  half-hour  warning  of 
approaching  solar  wind  shock  wave,  and  short¬ 
term  forecasts  of  solar  activity  are  the  program 
objectives.  To  date,  no  formal  program  approval 
has  been  made  (References  220-221). 

5.4  EXTRA-SOLAR  SYSTEM 
OBSERVATIONS 

The  use  of  man-made  satellites  to  perform 
surveys  of  the  Universe  beyond  our  small  Solar 
System  has  revolutionized  the  field  of  astro¬ 
physics  in  the  second  half  of  the  20th  century. 
Not  only  have  orbital  platforms  made  possible 
the  collection  of  electromagnetic  spectra  nor¬ 
mally  screened  by  the  Earth’s  atmosphere,  but 
these  satellites  can  operate  beyond  the  influ¬ 
ence  of  other  geophysical  perturbations  and 
can  permit  the  establishment  of  very  long  base¬ 
lines  (greater  than  the  diameter  of  the  Earth) 


necessary  for  some  radio  astronomy  investiga¬ 
tions. 

Due  to  their  complex,  often  state-of-the-art 
nature  and  to  their  often  one-of-a-kind  status, 
modern  deep  space  astrophysical  observatories 
may  require  strong  governmental  support.  In 
Europe  and  Asia,  the  Russian  Federation,  ESA, 
and  Japan  have  been  the  leaders  in  this  field 
while  India  strives  to  increase  its  contribution. 
However,  the  growing  international  cooperation 
in  space  science  missions  has  in  large  measure 
eroded  previous  national  distinctions.  Despite 
severe  economic  pressures  facing  virtually  all 
national  space  programs,  a  large  number  of  sig¬ 
nificant  extra-Solar  System  observation  mis¬ 
sions  are  planned  for  the  remainder  of  this 
decade. 

5.4.1  European  Space  Agency 

Since  the  establishment  of  ESA,  space  sci¬ 
ence,  including  extra-solar  system  observa¬ 
tions,  has  been  considered  one  of  the  founda¬ 
tions  of  the  multi-national  organization.  (ESA’s 
predecessor,  ESRO,  fielded  numerous  scientific 
satellites,  including  its  first  spacecraft  in  1 968 
with  cosmic  ray  detectors.)  From  its  initial  coop¬ 
eration  with  the  US  and  UK  on  the  International 
Ultraviolet  Explorer  (launched  1978  and  con¬ 
tinuing  to  operate  through  1994),  ESA  under¬ 
took  a  program  of  autonomous  missions,  begin¬ 
ning  with  the  European  X-ray  Observatory 
Satellite  (EXOSAT),  while  continuing  its  partici¬ 
pation  with  other  countries,  e.g.,  the  Hubble 
Space  Telescope.  The  period  1993-1994  was 
marked  by  considerable  activity  in  preparing  for 
a  flurry  of  deep  space  observatories  scheduled 
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FIGURE  5.28  HIPPARCOS  SATELLITE. 

for  launch  during  1995-1996.  A  new  medium 
class  mission  was  also  approved  as  the  first 
ESA  science  mission  of  the  21st  century. 

ESA  was  a  significant  participant  in  the 
Hubble  Space  Telescope  (HST)  project,  provid¬ 
ing  the  solar  arrays  (British  Aerospace)  and  the 
Faint  Object  Camera  (Dornier).  While  the  latter 
has  performed  well,  albeit  originally  at  reduced 
fidelity  due  to  the  primary  mirror  problem,  soon 
after  launch  In  April,  1990,  the  solar  arrays  were 
found  to  be  susceptible  to  thermal  effects  when 
crossing  the  terminator,  in  turn  upsetting  the 
stability  of  the  telescope.  During  the  first  Hub¬ 
ble  servicing  mission  {STS-61)  in  December, 
1993,  the  solar  arrays  were  replaced,  and  a  cor¬ 
rective  optics  package  was  installed.  ESA’s 
Claude  Nicollier  was  responsible  for  capturing 
and  releasing  the  unique  orbital  telescope  with 
the  shuttle  arm  (Reference  222). 

In  1989  ESA  launched  the  High  Precision 
Parallax  Collecting  Satellite  (HIPPARCOS)  for 
the  purpose  of  compiling  an  accurate  catalog  of 
stellar  positions.  Although  a  launch  malfunction 


left  the  1 .14  metric  ton  satellite  stranded  in  GTO 
instead  of  the  intended  GEO,  ESA  engineers 
and  space  scientists  were  able  to  salvage  much 
of  the  program’s  objectives  despite  the  less 
than  optimum  conditions.  By  1992,  precise 
astrometric  measurements  of  120,000  stars  had 
been  made  with  the  desired  accuracy  of  two 
milli-arcseconds  under  the  Main  Experiment, 
and  a  mission  extension  had  been  granted.  A 
secondary  objective,  code-named  the  Tycho 
Experiment,  called  for  obtaining  positional  data 
(30  milli-arcsecond  accuracy)  and  two-color 
photometric  properties  of  400,000  additional 
stars.  The  mission  was  terminated  on  15  August 
1993  (References  223-227). 

The  HIPPARCOS  satellite’s  basic  structure 
was  a  hexagonal  box  with  three  rectangular 
solar  panels  extending  from  the  base  (Figure 
5.28).  The  spacecraft  maintained  a  very  slow 
spin  rate  (~  one  revolution  every  two  hours)  to 
facilitate  its  all-sky  mapping  mission.  At  the  end 
of  its  mission  the  orbital  parameters  of  HIPPAR¬ 
COS  were  about  490  km  by  35,880  km  at  an 
inclination  of  6.8°.  Matra  Marconi  was  the  prime 
contractor  for  the  satellite  with  significant  contri- 


FIGURE  5.29  ISO  SATELLITE. 
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butions  from  the  major  European  aerospace 
industries,  including  Dornier,  Fokker,  ERNO, 
and  British  Aerospace. 

The  next  major  astrophysical  mission  of 
ESA  is  the  Infrared  Space  Observatory  (ISO), 
scheduled  for  launch  in  late  1995.  Selected  in 
1 983,  ISO  will  expand  upon  the  work  of  the  pio¬ 
neering  US-UK-Netherlands  Infrared  Astronom¬ 
ical  Satellite  (IRAS),  launched  in  1983.  How¬ 
ever,  “compared  with  IRAS,  ISO  will  have  a 
longer  operational  lifetime,  wider  wavelength 
coverage,  better  angular  resolution,  more 
sophisticated  instruments,  and,  through  a  com¬ 
bination  of  detector  improvements  and  longer 
integration  times,  a  sensitivity  gain  of  several 
orders  of  magnitude”  (Reference  228).  Whereas 
IRAS  was  designed  to  map  the  IR  celestial 
sphere,  ISO  will  make  more  detailed  observa¬ 
tions  of  selected  objects. 

ISO  will  have  an  initial  mass  of  2.5  metric 
tons  in  a  compact  structure  5.3  m  in  length  and 
2.3  m  in  width  (Figure  5.29).  The  precision  atti¬ 
tude  control  system  will  provide  a  pointing  accu¬ 
racy  of  2.7  arcseconds.  Electrical  power  will  be 
furnished  by  solar  cells  mounted  on  the  exterior 
of  the  Sun  shield.  ISO’s  operational  orbit  will  be 
1 ,000  km  for  perigee  and  70,000  km  for  apogee 
at  a  low  inclination,  and  the  spacecraft  will  be 
controlled  from  ESA’s  Villafranca  ground  station 
in  Spain  (References  228-235). 

The  heart  of  ISO  is  a  cryogenically-cooled 
Ritchey-Chretien  telescope  with  an  effective 
aperture  of  60  cm.  Approximately  2,300  liters  of 
superfluid  helium  will  be  carried  to  cool  the 
infrared  detectors  and  scientific  equipment  to  2- 
3°  K  for  a  period  of  at  least  1 8  months.  The  prin¬ 
cipal  instruments  are  (1)  ISOCAM  camera  and 
polarimeter  operating  at  2.5-17  pm,  (2)  ISO¬ 
PHOT  imaging  photopolarimeter  operating  at 
2.5-200  pm,  (3)  SWS  short-wavelength  spec¬ 
trometer  operating  at  2.4-45  pm,  (4)  LWS  long- 
wavelength  spectrometer  operating  at  45-1 80 
pm. 

ISO’s  prime  contractor  is  Aerospatiale  with 
a  team  of  about  35  subcontractors,  including 
Fokker,  DASA,  and  Dornier.  Difficulties  with  the 
cryogenic  cooling  system  have  been  the  princi¬ 
pal  reason  for  the  more  than  two  year  delay 
encountered  thus  far  in  the  project.  In  addition, 
the  flight  model  telescope  was  rejected  due  to 
excessive  contamination  and  blemishes  on  the 
primary  mirror.  The  mirror  was  replaced,  and 
the  telescope  rebuilt. 


In  1985  ESA  set  forth  its  Horizon  2000  pro¬ 
gram  for  space  science  investigations  with  four 
“cornerstone"  missions.  The  first  cornerstone  is 
STSP  (Section  5.3.6),  scheduled  to  begin  solar 
studies  with  SOHO  and  Cluster  in  1995.  The 
second  cornerstone  mission,  now  slated  for 
launch  in  1999,  is  the  High-Throughput  X-ray 
Spectroscopy  Mission  known  as  the  X-ray  Multi- 
Mirror  (XMM)  observatory.  The  objective  of  the 
program  is  to  collect  “high-quality  spectral  mea¬ 
surements  of  faint  sources  down  to  2x10'^®  erg/ 
cm^/s  together  with  fast  low-  and  medium-reso¬ 
lution  spectroscopy  of  brighter  objects”  (Refer¬ 
ence  236)  as  a  follow-on  to  ESA’s  earlier  EXO- 
SAT  mission. 

The  XMM  spacecraft  will  be  approximately 
four  metric  tons  at  launch  and  will  be  inserted 
into  an  elliptical  48-hr  orbit  with  an  inclination  of 
65°.  The  design  of  XMM  solidified  during  1993- 
1994,  but  a  recompete  for  a  prime  contractor 
was  conducted  in  1994  after  allegations  of  anti¬ 
competitive  collusion.  The  new  winner  is  DASA 
with  Karl  Zeiss  (Germany)  and  Medialario  (Italy) 
providing  the  critical  mirror  and  mirror  sheli 
components.  Current  project  emphasis  is  on 
perfecting  the  manufacturing  process  of  the 
required  three  mirror  modules  sensitive  to  1-50 
A  waves  and  made  up  of  58  nested  mirror 
shells.  Three  primary  instruments  have  been 
identified:  (1)  European  Photon  Imaging  Cam¬ 
era  for  each  mirror  module  to  provide  broad¬ 
band  spectrophotometry  with  CCD  arrays, 
(2)  Reflection  Grating  Spectrometer  for  two  mir¬ 
ror  modules  to  provide  medium  resolution  spec¬ 
troscopy  using  reflection  gratings,  and  (3)  Opti¬ 
cal  Monitor  consisting  of  a  30  cm  diameter 
Cassegrain  telescope  for  simultaneous  optical 
coverage  of  the  X-ray  telescope  field  (Refer¬ 
ences  237-243). 

The  fourth  Horizon  2000  cornerstone  mis¬ 
sion  (confirmed  in  November,  1993)  still  in  the 
early  design  phase  is  the  Far-Infrared  and  Sub¬ 
millimeter  Space  Telescope  (FIRST)  with  a  ten¬ 
tative  launch  date  of  2006.  The  objective  of  the 
mission  is  to  acquire  high  precision  imaging  in 
the  50  pm-1  mm  portion  of  the  electromagnetic 
spectrum  to  study  the  physics  of  the  interstellar 
medium,  star  formation,  and  cosmology.  The 
original  design  called  for  a  primary  telescope  of 
4-8  m  diameter,  but  in  1992  budget  pressures 
led  to  a  downsizing  of  the  diameter  to  only  3  m. 
In  turn  this  leads  to  an  emphasis  on  the  200- 
600  pm  region  with  heterodyne  spectroscopy  -  a 
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FIGURE  5.30  XMM  SATELLITE  DESIGN. 


technique  which  eliminates  the  need  for  iiquid 
helium  cryogenic  cooiing.  Spectrometers  and 
photometers  tuned  to  50-900  pm  are  aiso  antic¬ 
ipated.  The  roughiy  two-metric-ton  spacecraft 
wiil  operate  in  a  24-hour,  eiiipticai  Earth  orbit 
(References  244-246). 

The  second  Medium  Mission  (M2)  was 
selected  in  1 993  for  a  iaunch  in  2001 .  The  inter¬ 
national  Gamma-Ray  Laboratory  (INTEGRAL) 
will  concentrate  on  high  resoiution  spectroscopy 
and  precision  mapping  of  gamma-ray  sources 
in  the  15  keV  to  10  MeV  regime.  The  Russian 
Federation  and  the  US  wiii  aiso  participate  in 
the  project,  and  in  a  departure  from  normai 
operations  a  Horizon  2000  spacecraft  may  be 
launched  by  a  foreign  booster,  i.e.,  the  Russian 
Proton.  The  use  of  the  Proton  wiii  permit  INTE¬ 
GRAL  (Figure  5.31)  to  be  placed  in  a  three-day, 
eiiipticai  orbit  rather  than  a  two-day,  eiiipticai 
orbit  possible  with  Ariane  5.  The  totai  spacecraft 
mass  wiii  be  3. 6-3. 8  metric  tons,  depending 
upon  the  launch  vehicle  utilized,  with  a  science 
payioad  of  1 .9  metric  tons.  The  two  soiar  arrays 
will  furnish  up  to  1 .3  kW  of  which  0.6  kW  wiii  be 
availabie  for  the  payioad.  The  general  dimen¬ 
sions  of  the  spacecraft  wiii  be  3  m  in  diameter 
and  4  m  in  height  (References  247-251). 

As  noted  in  Section  5.3.1,  the  final  round  of 
competition  for  the  next  Medium  Mission  (M3)  is 
aiready  underway.  Of  the  five  remaining  candi¬ 
dates,  two  are  devoted  to  astrophysical  objec¬ 
tives:  COBRAS  (Cosmic  Background  Radiation 
Sateilite)  and  STARS  (Seismic  Telescope  for 
Astrophysical  Research  from  Space).  The 
former  would  examine  the  universai  2.7“  K 


background  radiation  at  greater  sensitivities 
than  accompiished  to  date,  while  the  latter 
would  monitor  steliar  phenomena  to  learn  more 
about  their  interior  structures.  Both  proposed 
spacecraft  are  of  the  1.2-metric-ton  class.  A 
final  M3  selection  is  expected  in  1996  (Refer¬ 
ences  114-115). 

5.4.2  Germany 

In  addition  to  its  support  of  ESA  astrophys¬ 
ics  missions,  Germany  took  the  lead  in  the 
ROSAT  (Roentgensateilit)  X-ray  imaging  teie- 
scope  program  which  was  a  cooperative  effort 
among  Germany,  the  UK,  and  the  US.  Under 
prime  contractor  Dornier,  Germany  was  respon- 
sibie  for  the  spacecraft  as  well  as  the  principal 
0.8  m  diameter  X-ray  (6-120  A)  teiescope.  The 
UK  provided  a  Wide  Fieid  Camera  for  extreme 
UV  observations  in  the  60-300  A  band,  whiie 
the  US  furnished  the  High  Resolution  Imager  for 
the  X-ray  telescope  and  launch  and  spacecraft 
control  services. 

ROSAT  is  a  2.4-metric-ton,  3-axis-stabiiized 
satellite  with  a  length  of  4.3  m  (Figure  5.32). 
Designed  for  an  operational  life  of  only  18 
months  from  its  June,  1990,  iaunch  date, 
ROSAT  was  still  operational  at  the  end  of  1994 
and  was  expected  to  continue  returning  vaiu- 
abie  scientific  data  into  1996.  ROSAT’s  orbit 
has  a  mean  altitude  of  550  km  at  an  inclination 
of  53°  (References  252-254). 

5.4.3  India 

India’s  iaunch  of  SROSS-C  (Stretched 
Rohini  Satellite  Series)  on  20  May  1992  pro¬ 
vided  the  nation  with  its  first  astrophysical 


FIGURE  5.31  INTEGRAL  PRELIMINARY 
CONCEPT. 
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FIGURE  5.32  ROSAT  SATELLITE. 


observatory,  albeit  temporarily.  The  primary 
purpose  of  the  flight  was  to  test  the  ASLV 
launch  vehicle  which  had  failed  on  the  two  pre¬ 
vious  attempts.  The  SROSS-C  was  a  payload  of 
opportunity  which  carried  a  geophysics  package 
and  a  gamma  ray  burst  detector.  The  latter  was 
tuned  to  the  energy  range  of  20  keV-3  MeV  and 
consisted  of  high  voltage  scintillation  detectors. 
The  observational  program  was  concentrated 
on  the  southern  celestial  sky.  Unfortunately,  the 
106-kg  spacecraft  decayed  after  only  55  days 
instead  of  an  anticipated  one  year  due  to  the 
less-than-nominal  performance  of  the  launch 
vehicle:  an  orbit  of  only  256  km  by  435  km  was 
achieved  (References  255-257). 

A  replacement  for  SROSS-C,  SROSS-C2, 
was  successfully  launched  on  4  May  1 994  and 
Inserted  into  an  orbit  of  434  km  by  921  km  at  an 
inclination  of  46.0°.  The  slightly  heavier 
SROSS-C2  (113  kg  total  mass)  was  also 
equipped  with  a  gamma  ray  burst  detector.  The 
new  spacecraft  also  has  a  modest  orbital 
maneuver  capability  which  was  used  to  lower 
apogee  300  km  in  July,  1 994  (Reference  258- 
260). 

5.4.4  Italy 

Like  Germany,  Italy  is  heading  an  interna¬ 
tional  effort  to  field  a  complex  X-ray  observatory 
designed  to  characterize  a  variety  of  stellar  and 
galactic  objects.  The  Satellite  Astronomic  raggi- 


X  (SAX)  program  represents  a  bilateral  agree¬ 
ment  between  Italy  and  the  Netherlands  for  the 
launch  of  a  1.4  metric  ton  spacecraft  by  an 
American  commercial  Atlas  1  launch  vehicle. 
SAX  and  Germany’s  ROSAT  were  originally 
conceived  as  US  Space  Shuttle  payloads,  but 
restructuring  of  the  STS  program  in  the  wake  of 
the  Challenger  accident  forced  both  satellites  to 
expendable  vehicles. 

Sponsored  by  the  Italian  Space  Agency  and 
the  Dutch  Space  Research  Organization,  SAX 
is  being  prepared  under  the  prime  contractor- 
ship  of  Alenia  Spazio  with  assistance  from  Fok- 
ker.  The  spacecraft  is  designed  to  operate  in  a 
600  km  high  orbit  with  a  nearly  equatorial  incli¬ 
nation.  The  spacecraft  will  be  2.7  m  in  diameter 
and  3.6  m  long  with  two  solar  arrays  (2.6  m  by 
3.5  m  each)  capable  of  producing  2.5  kW  of 
electrical  power.  The  spacecraft  is  anticipated 
to  be  operational  for  up  to  four  years.  A  suite  of 
Italian  X-ray  telescopes  and  detectors  and 
Dutch  Wide  Field  Cameras  will  span  an  energy 
range  of  0.1-300  keV,  concentrating  on  long¬ 
term  variable  sources.  During  1992-1994  the 
program  came  under  attack  for  both  rising  costs 
and  technical  difficulties.  A  planned  early  1994 
launch  date  was  postponed  nearly  two  years 
(References  261-264). 

Under  consideration,  in  conjunction  with  the 
US,  is  a  small  ultraviolet  astronomical  platform. 
The  300-kg  class  JUNO  satellite  would  be 


developed  by  Alenia  Spazio  under  sponsorship 
of  the  Italian  Space  Agency  and  would  carry  sci¬ 
entific  instruments  furnished  by  NASA.  No  for¬ 
mal  program  has  yet  been  approved,  and  a 
launch  is  unlikely  before  the  end  of  the  decade 
(Reference  56). 

5.4.5  Japan 

To  date  all  Japanese  astrophysics  space¬ 
craft  have  been  developed  under  the  auspices 
of  the  Institute  of  Space  and  Aeronautical  Sci¬ 
ence  and  consequently  have  been  modest  in 
size  in  order  to  be  accommodated  by  the  M-3 
class  of  launch  vehicles  (Section  2.6).  However, 
the  four  principal  spacecraft,  all  devoted  to  X- 
ray  astronomy,  have  been  eminently  success¬ 
ful:  Corsa-B  (Hakucho)  in  1979,  Astro-B 
(Tenma)  in  1983,  Astro-C  (Ginga)  in  1987,  and 
Astro-D  (Asuka)  in  1993.  The  Astro-C  mission 
was  completed  in  November,  1 991  and  was  fol¬ 
lowed  15  months  later  by  Astro-D  on  20  Febru¬ 
ary  1993. 

Astro-D  is  a  420  kg  spacecraft  operating  in 
LEO  at  a  mean  altitude  of  less  than  600  km  for 
a  period  of  5-6  years.  With  a  1.3  m  diameter 
and  a  4.7  m  length  (after  telescope  extension  in 
orbit),  Astro-D  (Figure  5.33)  is  an  order  of  mag¬ 


FIGURE  5.33  ASTRO-D  (ASUKA)  SATELLITE. 


FIGURE  5.34  MUSES-B  SATELLITE. 


nitude  more  sensitive  than  its  predecessor  and 
will  scan  the  electromagnetic  spectrum  from  1 
to  12  keV.  The  principal  instruments  are  an 
American-supplied  X-ray  telescope  with  a  CCD 
camera  and  a  Japanese  imaging  gas  scintilla¬ 
tion  proportional  counter,  sensitive  to  x-rays  in 
the  0.5-10.0  eV  range.  The  solar  arrays  provide 
up  to  0.6  kW  for  the  mission  which  is  expected 
to  last  through  1996  (References  265-271). 
Astro-E  is  scheduled  for  launch  in  1999  to  con¬ 
tinue  Japan’s  X-ray  observations,  again  with  an 
American  sensor  on  board  (References  272- 
273). 

In  1996  with  the  help  of  ISAS’  new  M-5 
launch  vehicle,  the  institute  plans  to  expand  its 
astrophysical  studies  into  the  radio  spectrum 
with  the  Muses-B  spacecraft.  The  objective  of 
the  new  VLBI  Space  Observatory  Program 
(VSOP)  is  to  obtain  quality  images  of  both 
highly  energetic  and  weak  radio  sources  at  fre¬ 
quencies  of  1.6,  5,  and  22  GHz.  The  800-kg 
spacecraft  (Figure  5.34)  will  deploy  a  8-m  diam¬ 
eter,  gold-plated  mesh  antenna  once  it  reaches 
an  operational  orbit  of  1 ,000  km  by  2O,OO0  km. 
The  primary  contractors  developing  Muses-B 
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are  Mitsubishi  Eiectric  Company  and  Heavy 
Industries,  Nippon  Eiectric  Company,  Sumitomo 
Heavy  Industries,  and  Toshiba  Corporation 
(References  265,  273-274). 

5.4.6  Russian  Federation 

Thirty  years  of  deep-space  astrophysicai 
investigations  from  Soviet  unmanned  orbitai 
observatories  came  to  an  end  in  1 994  with  the 
shutdown  of  the  last  such  satellite.  No  similar 
spacecraft  have  been  launched  since  the  disso¬ 
lution  of  the  Soviet  Union,  and  the  spacecraft 
under  development  at  that  time  have  been 
delayed  repeatedly  as  budgetary  difficulties 
have  grown.  With  a  backlog  of  four  major  space 
observatories,  proposals  for  new  programs 
have  been  afforded  little  serious  attention  and 
no  commitments. 

The  Granat  X-ray  and  gamma-ray  observa¬ 
tory  was  launched  1  December  1989  by  a  Pro¬ 
ton  booster  into  a  highly  elliptical,  4-day  orbit  of 
1 ,760  km  by  202,480  km  with  an  initial  inclina¬ 
tion  of  51.9°.  During  Granat’s  nearly  5-year 
active  life,  its  orbit  was  perturbed  by  solar-lunar 
perturbations,  drastically  increasing  the  inclina¬ 
tion  and  reducing  the  eccentricity  (Reference 
275).  By  the  end  of  operations  in  September, 
1 994,  the  orbital  parameters  were  59,025  km  by 
144,550  km  and  an  inclination  of  86.7°. 

Granat  was  the  last  of  the  Venera-class 
spacecraft  produced  by  the  Lavochkin  Scientific 
Production  Association  and  was  similar  to  the 
Astron  observatory  which  was  functional  during 


FIGURE  5.35  GRANAT  SATELLITE. 


1983-1989.  The  4.4  metric  ton  Granat  carried  a 
multi-national  scientific  payload  of  almost  2.3 
metric  tons  and  stood  6.5  m  tall  with  a  total 
span  across  its  solar  arrays  of  8.5  m  (Figure 
5.35).  Power  provided  by  the  3-axis-stabilized 
spacecraft  to  the  payload  was  approximately 
400  W. 

The  major  instrument  on  Granat  was  the 
French-built,  one-metric-ton  Sigma  gamma  ray 
telescope  designed  to  detect  energy  in  the  30 
keV  to  2  MeV  band  with  a  7°  by  7°  field-of-view. 
Adjacent  to  Sigma  on  one  side  were  four  Soviet 
ART-P  imaging  X-ray  telescopes  created  by  the 
Institute  of  Space  Research  and  in  particular  its 
Frunze  Special  Design  Bureau.  The  ART-P 
telescope  covered  the  energy  range  of  3-1 00 
keV  with  a  narrow  1 .8°  by  1 .8°  field-of-view.  On 
the  other  side  of  Sigma  were  four  ART-S  spec¬ 
tral  X-ray  telescopes  designed  by  the  same 
team  which  built  the  ART-P  and  covering  the 
same  energy  regime  with  a  2°  by  2°  field-of- 
view.  The  Frunze  Special  Design  Bureau  also 
provided  the  Podsolnukh  installation  consisting 
of  an  X-ray  telescope  (2-25  keV,  2.5°  by  2.5° 
FOV)  mounted  on  a  rapidly  moving  platform 
which  is  aimed  after  being  cued  by  the  Konus-B 
all-sky,  gamma-ray  burst  detector  provided  by 
the  Leningrad  Physical-Technical  Institute. 
Rounding  out  the  deep  space  payload  suite 
were  the  French  Phoebus  spectrometer  (200 
keV-40  MeV)  and  the  Danish  Watch  X-ray  burst 
detector  (5-1 50  keV),  both  of  which  were  all-sky 
instruments  (References  276-279). 

Granat  was  caught  in  two  ways  by  the  fall  of 
the  USSR.  First,  the  main  spacecraft  control 
center  was  located  at  Ukraine’s  Yevpatoriya 
facility  in  the  Crimea  region  where  data  collec¬ 
tion  and  spacecraft  operations  were  accom¬ 
plished  via  a  70-m  diameter  dish  antenna.  The 
newly  declared  independence  of  Ukraine,  cou¬ 
pled  with  the  historical  close  ties  of  the  Crimea 
to  the  Russian  Federation,  introduced  new  polit¬ 
ical  obstacles.  The  most  significant  problem, 
however,  was  in  financing  the  ongoing  mission. 
The  French  space  agency,  with  its  substantial 
investment  in  Granat,  directly  subsidized  con¬ 
tinuing  operations.  The  benefit  was  clear  in  the 
scientific  discoveries  of  the  spacecraft  (Refer¬ 
ences  280-286). 

Replacing  the  Venera-class  platform  used 
by  Granat  will  be  the  new  Spektr-class  series  of 
high  altitude  astrophysicai  observatories.  Built 
by  the  Lavochkin  NPO,  the  Spektr  spacecraft 
bus  will  support  up  to  four  major  missions  in  the 
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FIGURE  5.36  SPEKTR-Xy  SATELLITE. 

1990’s  and  beyond:  Spektr  -Xyfor  X-ray  and 
gamma  ray  astronomy,  Spektr-R  for  radio 
astronomy,  Spektr-UVT  for  ultraviolet  observa¬ 
tions,  and  Spektr-IR  for  infrared  investigations. 
The  3.5  metric-ton,  3-axis-stabiiized  Spektr  bus 
will  measure  more  than  18  m  across  its  soiar 
arrays  which  provide  3  kW  of  eiectrical  power  at 
beginning  of  life  inciuding  up  to  0.8  kW  for  the 
scientific  payioad.  The  attitude  controi  system  is 
designed  for  an  operational  pointing  accuracy  of 
not  worse  than  4  arcminutes,  and  the  space¬ 
craft  projected  lifetime  is  three  years.  The  maxi¬ 
mum  scientific  payioad  for  Spektr  will  be 
approximately  2.5  metric  tons  for  a  total  6-met¬ 
ric-ton  spacecraft  mass  (References  287-288). 

The  first  Spektr  sateliite  to  be  iaunched  wiil 
be  Spektr-Xy  currently  scheduled  for  1 996  (Fig¬ 
ure  5.36).  The  Proton  launch  vehicle  will  insert 
the  spacecraft  into  a  highly  elliptical  orbit  with  a 
perigee  near  2,000  km  and  an  apogee  of 
200,000  km,  resulting  in  a  4-day  orbital  period 
similar  to  that  of  Granat.  Originally  conceived 
and  sponsored  by  the  USSR/CIS  Institute  of 
Space  Research,  Spektr-Xy  now  boasts  wide 
cooperation  from  20  international  participants, 
including  the  former  Czechoslovakia,  Denmark, 
ESA,  Finland,  Germany,  Israel,  Italy,  Japan, 
Turkey,  the  UK,  and  the  US. 

The  principal  scientific  instrument  will  be  the 
SODART  grazing  incidence  X-ray  telescope 
assembly  with  two  parallel  telescopes  operating 
in  the  0.3-20  keV  regime.  The  approximately 
1.5  metric  ton  unit  offers  nine  focal  instruments, 
including  a  polarimeter,  a  gas  scintillation  pro¬ 


portional  counter,  a  spectrometer,  and  four  (two 
per  telescope)  XSPECT  position-sensitive  pro¬ 
portional  counters.  Also  part  of  the  scientific 
package  will  be  the  JET-X  (Joint  European  X- 
ray  Telescope)  X-ray  telescope  (0.1-10  keV), 
the  MART  X-ray  telescope  (4-100  keV),  the 
EUVITA  UV  telescope  (0.07  keV),  the  MOXE  X- 
ray  burst  detector  (3-12  keV),  and  the  SPIN 
gamma  ray  burst  detector  (10  keV-MeV).  The 
total  spacecraft  will  be  approximately  5.6  metric 
tons,  including  the  2.8  metric  ton  payload  (Ref¬ 
erences  289-293). 

Although  more  than  four  years  behind 
schedule,  Spektr-Xy  did  make  steady  progress 
during  1993-1994,  both  technically  and  finan¬ 
cially.  Most  engineering  tests  were  successfully 
completed,  and  activities  shifted  to  the  manu¬ 
facture  and  integration  of  flight  hardware.  The 
success  of  Spektr-Xy  may  well  decide  the  fate 
of  her  sister  spacecraft  (References  294-297). 

Tentatively  scheduled  for  launch  the  year 
after  Spektr-Xy,  is  Spektr-R,  also  known  as 
Radioastron,  with  an  objective  of  establishing  a 
Very  Long  Baseline  Interferometer  (VLBI) 
between  the  spacecraft  and  large  radio  tele¬ 
scopes  on  Earth.  Spektr-R  will  carry  a  10-m 
diameter  radio  telescope  tuned  to  receive  fre¬ 
quencies  of  0.3,  1.6,  5.0,  and  22  GHz  (Figure 
5.37)  in  a  highly  elliptical,  28-hr  Earth  orbit.  The 
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Ukrainian  Yevpatoriya  Deep  Space  Tracking 
Center  with  its  70-m  diameter  radio  telescope 
will  serve  as  the  primary  spacecraft  control  facil¬ 
ity,  while  smaller  25-m  and  32-m  antennas  in 
the  former  USSR  will  assist  with  spacecraft 
communications  and  70-m  antennas  at 
Ussuriysk  and  in  Uzbekistan  will  become  part  of 
the  VLBI.  The  US  Deep  Space  Network  will  also 
play  a  major  role  in  satellite  tracking  and  data 
collection. 

The  scientific  payload  mass  will  amount  to 
about  1.5  metric  tons,  including  the  700-kg 
deployable  antenna.  Early  plans  for  a  more 
ambitious  Radioastron  program  involving  six 
spacecraft  over  a  period  of  15  years  have  at 
least  temporarily  been  shelved.  The  launch  of 
Spektr-R,  once  envisioned  as  early  as  1991,  is 
now  set  for  1997  (References  298-307). 

Near  the  end  of  the  decade  the  Spektr-UVT 
spacecraft  is  tentatively  scheduled  for  launch 
into  a  500  km  by  300,000  km  orbit  with  an  incli¬ 
nation  of  51 .5°.  However,  within  eight  months 
the  perigee  will  be  raised  to  40,000  km  for  the 
remainder  of  the  3-year  mission.  The  principal 
participants  in  the  project  are  now  Canada,  Ger¬ 
many,  Italy,  Russia,  and  Ukraine  with  Russia’s 
Institute  of  Astronomy  assuming  a  lead  position. 
The  purpose  of  the  mission  is  to  perform  UV 
(including  EUV  and  XUV)  observations  with  a 
higher  fidelity  than  those  of  Astron. 

The  centerpiece  instrument  for  Spektr-UVT 
will  be  the  T-170  Ritchey-Chretien  telescope 
(912-3,600A)  consisting  of  a  170  cm  (light) 
diameter  primary  mirror  and  a  49  cm  (light) 
diameter  mirror  in  a  main  housing  more  than  8 
m  in  length  and  2  m  in  diameter  (Figure  5.38). 


FIGURE  5.38  SPEKTR-UVT  SATELLITE. 


FIGURE  5.39  SPEKTR-IR  SATELLITE. 


The  three  major  focal  plane  devices  are  (1)  a 
high  resolution  dual  Echelle  spectrograph 
(1150-3600A),  (2)  a  medium  and  low  resolution 
(912-1,200A  and  1,150-3600A,  respectively) 
Rowland  spectrograph,  and  (3)  a  direct  imaging 
camera  (912-360oA).  Under  consideration  is 
the  addition  of  two  T-50  (50  cm  diameter)  and 
four  T-20  (20  cm  diameter)  EUV/XUV  tele¬ 
scopes.  One  T-50  (T-501)  would  be  used  for 
direct  imaging  (400-800A),  whereas  the  other  T- 
50  (T-50S)  would  be  equipped  with  a  low  reso¬ 
lution  spectrograph  (400-1 ,200A).  The  T-20 
telescopes  would  permit  narrow  band  imaging 
within  the  range  of  1 00-300A  (Reference  288). 

The  fourth  and  least  mature  proposed  Spe- 
ktr  mission  is  Spektr-IR,  which  may  not  be  flown 
until  after  the  end  of  the  decade  (Figure  5.39). 
Seriously  examined  since  1986  (originally  under 
the  name  Aelita),  this  infrared  observatory 
would  carry  a  1-m  diameter,  cryogenically 
cooled  telescope  operating  in  the  0.15-2  mm 
band  for  studies  of  interstellar  and  intergalactic 
dust  and  molecular  clouds  as  well  as  the  gen¬ 
eral  background  environment.  Liquid  neon  and 
super  fluid  helium  may  be  used  to  lower  the 
temperature  of  the  telescope  to  27°  K  and  of  the 
photometer  to  1 .8°  K,  respectively  (References 
308-309). 

Of  special  interest  to  astrophysicists  is  the 
precise  nature,  including  anisotropy,  of  the  uni¬ 
versal  background  radiation  (-2.7°  K)  at  37 
GHz.  In  1983-1984  the  Prognoz  9  spacecraft 
carried  out  the  Relikt  experiment  from  a  unique 
Earth  orbit  of  400  km  by  720,000  km  in  an 
attempt  to  characterize  the  uniformity  of  emis¬ 
sions  around  the  celestial  sphere.  However, 
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despite  the  spacecraft’s  extreme  apogee  (twice 
the  distance  to  the  Moon),  interference  from  the 
Earth  and  Moon  as  well  as  spacecraft  systems 
degraded  the  quality  of  the  observations. 

While  data  from  Prognoz  9  was  still  being 
reduced  nearly  10  years  later,  final  preparations 
were  underway  for  the  Relikt-2  experiment.  In 
addition  to  employing  instruments  with  signifi¬ 
cantly  greater  sensitivity  than  the  first  mission, 
Relikt-2  will  be  performed  far  away  from  the 
Earth-Moon  system  around  the  L2  libration 
point  about  1.5  million  km  from  the  Earth  on  the 
side  opposite  the  Sun.  The  Relikt-2  satellite, 
which  will  be  based  on  the  Prognoz-M2  space¬ 
craft  bus  (Section  5.2.7),  is  scheduled  for 
launch  about  1996  after  which  it  will  conduct  a 
close  fly-by  of  the  Moon  on  its  third  revolution  in 
an  extremely  elliptical  Earth  orbit  for  a  gravita¬ 
tional  assist  toward  L2  (Figure  5.40).  Once  the 
vehicle  reaches  its  destination,  a  halo  orbit 
around  L2  will  be  established  with  an  orbital 
period  of  180  days  (References  309-314). 

Under  serious  development  since  1986  in 
the  Institute  of  Space  Research,  the  Relikt-2 
instrument  suite  now  includes  five  separate 
radiometers  operating  at  a  wavelength  of  1.5 
mm,  3.0  mm,  5.0  mm,  8.0  mm,  and  13.5  mm, 
respectively.  Each  radiometer  will  operate 
through  two  perpendicular  antennas  with  a  7° 
beam  width:  one  pointed  away  from  the  Sun 
and  the  other  perpendicular  to  the  spacecraft’s 
spin  axis. 

One  of  the  oldest  problems  in  astronomy 
has  been  the  inaccuracy  of  positional  data  for 
the  hundreds  of  thousands  of  cataloged  stars 
used  in  cosmological  as  well  as  geophysical 
research.  Although  star  maps  have  improved 
considerably  during  the  20th  Century,  the  inher¬ 
ent  limitations  of  surface-based  observations 
can  be  overcome  from  a  high  altitude  space 
platform.  Since  1989  the  Sternberg  State 
Astronomical  Institute  of  Moscow  University  in 
conjunction  with  the  Lavochkin  NPO,  the 
Vavilov  State  Optics  Institute,  and  the  All-Union 
Television  Scientific  Research  Institute,  has 
been  promoting  the  Lomonosov  astrometric 
project  with  its  goal  of  creating  an  ultra-high 
precision  star  catalog  (References  31 5-31 8). 

The  program’s  objectives  include  observa¬ 
tions  of  all  stars  of  10th  magnitude  and  brighter 
(-400,000),  of  selected  stars  between  10th  and 
13th  magnitude  (-8,000),  of  30  of  the  brightest 
sources  of  extra-galactic  radiation,  and  of  40 
natural  bodies  of  the  solar  system  (major  and 


FIGURE  5.40  RELIKT-1  AND  RELIKT-2 
ORBITS. 

minor  planets).  These  observations  would  be 
carried  out  from  an  orbit  about  the  Earth  of 
1,500  km  by  120,000  km,  yielding  a  48-hour 
period  of  revolution.  Actual  measurements 
would  be  performed  during  a  32-hour  period 
when  the  spacecraft  is  more  than  80,000  km 
above  the  Earth.  The  principal  data  reception 
facility  would  be  at  Medvezhi  Ozera  in  the  Mos¬ 
cow  region  with  reserve  sites  at  Yevpatoriya 
and  Ussuriysk. 

Based  loosely  on  the  Venera-class  space¬ 
craft  but  with  improvements  developed  for  the 
new  Spektr-class  satellites,  Lomonosov  is  envi¬ 
sioned  as  a  5.8  metric  ton,  9  m  tall  vehicle  with 
a  1,000  kg  scientific  payload  (Figure  5.41).  A 
complex  solar  array  could  produce  up  to  3  kW 
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of  electrical  power.  The  primary  instrument  is  a 
Cassegrain  telescope  with  aim  diameter  main 
mirror  with  an  equivalent  focal  length  of  50  m. 
The  focal  plane  detector  will  be  a  CCD  matrix  of 
800  X  800  elements.  Originally  planned  for  a 
launch  in  1 995-1 996,  this  project  appears  to  be 
searching  for  funds. 

A  much  more  modest  alternative  to 
Lomonosov  has  been  proposed  under  the 
Regatta-Astro  program.  As  noted  in  Section 
5.2.7,  the  Regatta  series  of  small  spacecraft 
(<230  kg  payloads)  are  being  developed  by  the 
Institute  of  Space  Research  to  perform  a  variety 
of  space  science  investigations.  The  Regatta- 
Astro  mission  is  specifically  designed  to  con¬ 
duct  astrometric  and  radiometric  observations 
of  stars  and  other  celestial  bodies.  Unlike 
Lomonosov,  Regatta-Astro  would  forsake  the 
relative  stability  of  a  L2  halo  orbit  for  a  quasi¬ 
satellite  orbit  with  an  inclination  of  10°  to  the 
ecliptic  and  varying  ranges  from  Earth  of  2-10 
million  kilometers.  In  orbit  the  approximately 
575-kg  Regatta  spacecraft  would  exhibit  a 
height  of  2.75-3  m  and  a  diameter  across  the 
solar  sail  and  solar  rudders  of  6-9  m  (Refer¬ 
ences  319-322). 

In  early  1991  an  operational  period  for 
Regatta-Astro  of  1994-1997  was  proposed,  but 


the  current  status  of  the  project  is  unclear.  If 
successful,  a  second  Regatta-Astro  could  be 
flown  with  more  precise  observational  instru¬ 
mentation.  Plans  for  similar  Regatta  missions 
concentrating  on  thermal  (R  (2-7  pm)  with  a 
spatial  resolution  of  six  minutes  and  on  radio- 
metric  mapping  in  the  1.0,  1.5,  and  3.0  mm 
wavebands  with  a  spatial  resolution  of  at  least 
0.5  minutes  have  also  been  devised.  These  lat¬ 
ter  missions  would  also  employ  quasi-satellite 
orbits  like  Regatta-Astro. 

5.4.7  Spain 

Spain  decided  in  1990  to  develop  a  small 
indigenous  satellite  capable  of  performing  a 
variety  of  scientific  and  applications  missions. 
Sponsored  by  the  National  Institute  for  Aero¬ 
space  Technology,  the  satellite  is  simply  called 
Minisat  and  will  possess  a  mass  of  about  200 
kg.  Despite  its  small  size  (~1  m  x  2  m)  the  vehi¬ 
cle  will  be  3-axis  stabilized,  will  carry  deployable 
solar  arrays,  and  will  operate  for  up  to  three 
years.  The  first  mission  for  Minisat  is  scheduled 
for  1996  with  a  launch  by  the  US  Pegasus 
booster.  The  orbit  will  be  600  km  high  with  an 
inclination  of  28.5°,  and  the  spacecraft  will  be 
controlled  by  the  Maspalomas  ground  station. 
Eventually  Minisats  may  be  boosted  by  an 


FIGURE  5.41  LOMONOSOV  SATELLITE. 
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upgraded  Capricornio  launch  vehicle  also  cur¬ 
rently  under  development  by  Spain.  One  of  the 
payloads  for  the  maiden  Minisat  mission  is  an 
extreme  ultraviolet  telescope  for  astrophysical 
studies.  Other  mini-observatories  are  being 
considered  for  subsequent  flights  (References 
323-326). 

5.4.8  Sweden 

Following  the  successes  of  its  Viking  and 
Freja  geophysical  satellites,  Sweden  plans  to 
launch  a  dual-mission  satellite  in  1997  with  the 


cooperation  of  Canada,  France,  and  Finland. 
The  Odin  spacecraft  will  carry  radiometers  and 
spectrometers  for  investigations  of  celestial 
objects  as  well  as  the  Earth’s  atmosphere. 
Launched  by  a  Russian  Start-1  booster,  Odin 
will  have  a  mass  of  about  200  kg  and  will  be 
placed  in  a  circular,  sun-synchronous  orbit  at 
600  km.  The  design  life  of  the  3.0-m  diameter, 
1 .8-m  high  satellite  is  two  years.  The  spacecraft 
will  be  3-axis  stabilized  with  an  electrical  power 
system  of  at  least  300  W  (Reference  56). 
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6.0  NATIONAL  SECURITY  PROGRAMS 


Many  space  systems  described  in  Sections 
3-5  contribute  to  national  security  either  directly 
or  indirectly  and  on  a  dedicated,  dual  use,  or  ad 
hoc  basis.  However,  specific  national  security 
satellite  networks  are  those  which  are  funded 
and  operated  by  the  armed  forces  for  the  pri¬ 
mary  purpose  of  performing  intelligence  gather¬ 
ing,  attack  warning,  direct  defensive/offensive 
space  activities,  or  special  functions  supporting 
these  missions  (Table  6.1).  Unlike  communica¬ 
tions,  navigation,  or  meteorological  satellites 
which  can  serve  a  wide  range  of  users,  national 
security  spacecraft  normally  have  little  applica¬ 
bility  to  civilian  needs.  Even  a  great  deal  of  mili¬ 
tary  photographic  reconnaissance  is  of  limited 
utility  for  many  Earth  observation  studies  due  to 
the  narrow  fields-of-view  employed. 

To  date,  of  all  the  European  and  Asian  sat¬ 
ellite  operators,  only  the  USSR/CIS  has 
deployed  significant  national  security  space 
systems  due  to  technological  as  well  as  eco¬ 
nomic  and  political  reasons.  More  than  30%  of 
all  new  Russian  space  missions  undertaken 
during  1 993-1 994  fell  within  this  category.  The 
PRC  is  believed  to  use  its  FSW  photographic 


satellites  in  part  for  military  reconnaissance, 
and  France  is  developing  its  first  dedicated  mili¬ 
tary  satellites  for  both  reconnaissance  and  elec¬ 
tronic  intelligence.  Israel  and  India  may  follow 
suit  with  their  own  national  security  systems, 
and  the  Western  European  Union  is  evaluating 
the  need  for  a  shared  system  of  spy  satellites. 
Discussions  about  a  common  European  baliistic 
missile  defense  system  may  lead  to  a  future 
constellation  of  missile  launch  detection  satel¬ 
lites,  while  Japan  has  also  expressed  an  inter¬ 
est  in  a  space-based  warning  system. 

Contrary  to  popular  opinion,  the  end  of  the 
Cold  War  has  not  diminished  the  need  or  impor¬ 
tance  of  national  security  space  systems.  In 
fact,  with  reduced  military  budgets  and  forces, 
many  nations  are  placing  an  even  higher  pre¬ 
mium  on  intelligence  information  obtained  via 
space-based  platforms.  Moreover,  the  Persian 
Gulf  War  of  1991  reinforced  the  value  of  spe¬ 
cialized  satellites  in  even  localized,  conven¬ 
tional  conflicts.  This  realization  may  prompt 
nations  not  only  to  field  new  national  security 
space  systems  but  also  to  develop  the  means  of 
negating  such  systems  of  their  opponents. 


TABLE  6.1  NATIONAL  SECURITY  SYSTEMS. 


OPERATIONAL 

PLANNED 

IMAGE 

FSW  (PRC) 

HELIOS  (FR,  IT,  SP) 

RECONNAISSANCE 

RESURS-T(RF) 

YANTAR  (RF) 

KOMETA  (RF) 

5TH  GEN  (RF) 

6TH  GEN  (RF) 

7TH  GEN  (RF) 

HORUS(FR,  GM?) 

ELECTRONIC 

TSELINA-D  (RF) 

CERISE  (FR) 

INTELUGENCE 

TSELINA-2  (RF) 

EORSAT(RF) 

ZENON(FR) 

EARLY  WARNING 

OKO  (RF) 

PROGNOZ(RF) 

SPACE  DEFENSE 

CO-ORBITAL  ASAT?(RF) 

SUPPORT 

ROMB  (RF) 

VEKTOR  (RF) 

YUG  (RF) 

FR  =  FRANCE 

GM  =  GERMANY 

IT  =  ITALY 

PRC  =  CHINA 

RF  =  RUSSIAN  FEDERATION 

SP  =  SPAIN 
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6.1  IMAGING  RECONNAISSANCE 

Photographic  reconnaissance  (photo  recon) 
sateiiites  represented  the  first  operationai  use 
of  spacecraft  to  perform  dedicated  miiitary  sup¬ 
port  missions.  Such  systems  have  become 
extremeiy  vaiuabie  in  both  peacetime  and  war. 
Photo  recon  sateiiites  have  been  iegitimized  in 
their  roie  of  monitoring  internationai  arms  con- 
troi  treaties  and  are  essentiai  for  generai  inteiii- 
gence  gathering,  inciuding  the  assessment  of 
foreign  forces  and  eariy  indications  of  the  devei- 
opment  of  future  weapon  systems.  During  war, 
photo  recons  contribute  to  order  of  battie 
assessments,  engagement  pianning,  and  battie 
damage  assessments.  Aithough  photo  recons 
can  currentiy  fiy  with  reiative  impunity  over  bat- 
tiefieid  areas,  they  are  normaiiy  restricted  to 
oniy  1-2  short-duration,  overfiights  per  day  and 
are  susceptibie  to  cioud  cover,  iighting  condi¬ 
tions,  and  battiefieid  obscurants.  Recent  tech- 
noiogicai  advances  have  permitted  many  of 
these  deficiencies  to  be  overcome  with  the  use 
of  moderate  resoiution  synthetic  aperture 
radars. 

The  eariy  generation  photo  recons  reiied  on 
ciassicai  photographic  techniques  with  the 
physicai  return  of  the  exposed  fiim  to  Earth 
(sometimes  a  week  or  more  after  the  photo¬ 
graphs  of  interest  were  taken)  for  processing, 
anaiysis,  and  distribution.  The  moderate-to-high 
resoiutions  avaiiabie  via  this  technique  were 
partiaiiy  offset  by  the  deiay  in  receiving  the 
desired  information.  With  advances  in  eiectronic 
imaging  and  data  transmission  systems,  reai- 
time  or  near-reaitime  return  of  reconnaissance 
data  is  now  possible  directly  from  the  photo 
recon  or  through  a  geostationary  relay  satellite. 
An  added  advantage  of  this  more  sophisticated 
method  is  that  it  lends  itself  more  readily  to 
rapid  computer  processing  techniques. 

Historically,  photo  recon  products  have 
been  categorized  as  low-,  medium-,  or  high-res¬ 
olution,  indicating  the  relative  limitations  of  dis¬ 
tinguishing  objects  of  specific  sizes.  Moreover, 
the  degree  of  resolution  is  normally  inversely 
proportional  to  the  field-of-view,  e.g.,  a  high  res¬ 
olution  system  will  typically  image  a  very  limited 
region  of  the  Earth  measured  in  tens  of  kilome¬ 
ters  on  a  side  while  a  low  resolution  system  will 
cover  a  wide  area  hundreds  of  kilometers  on  a 
side  in  a  single  image.  Together,  they  provide 
complementary  data  of  national  security  signifi¬ 
cance. 


6.1.1  France 

As  early  as  1978  France  proposed  an  inter¬ 
national  monitoring  agency  employing  satellites 
under  the  auspices  of  the  United  Nations.  Fail¬ 
ing  to  win  support  from  either  the  US  or  the 
USSR,  by  1981  France  was  studying  the  feasi¬ 
bility  of  deploying  a  national  reconnaissance 
spacecraft  called  SAMRO  and  derived  in  large 
measures  from  the  SPOT  Earth  observation 
satellite.  The  studies  evolved  into  the  present 
Helios  program,  whose  maiden  launch  by  an 
Ariane  40  booster  was  postponed  from  1994  to 
1995  due  to  disruption  of  the  Ariane  schedule 
following  the  launch  failure  of  24  January  1994 
(References  1-7). 

Funded  primarily  by  the  French  Delegation 
Generale  pour  I’Armement  (DGA),  Helios  is  also 
being  financially  sponsored  by  Italy  and  Spain 
at  a  level  of  approximately  14%  and  7%, 
respectively.  Responsibility  for  the  overall 
space  system  architecture  has  been  delegated 
to  ONES  with  Matra  Marconi  serving  as  the 
prime  contractor.  Major  subcontractors  include 
Aerospatiale,  Alcatel  Espace,  Alenia,  SEP,  and 
Sodern  (References  8-10). 

Helios  will  have  a  mass  of  about  2.5  metric 
tons  and  will  operate  in  a  sun-synchronous  orbit 
at  an  altitude  of  680  km  and  an  inclination  of 
98°.  Outwardly,  the  spacecraft  will  closely 
resemble  SPOT  4  with  a  box-like  bus  and  a 
five-segment  solar  array  capable  of  generating 
2.5  kW  of  electrical  power.  A  3-axis  stabilization 
system  and  precision  pointing  accuracy  will 
support  the  primary  multi-spectral  CCD  imaging 
system  with  a  resolution  of  one  meter.  In  early 
1994  Aerospatiale  delivered  the  principal  imag¬ 
ing  payload  to  Matra  Marconi,  and,  by  the  end 


FIGURE  6.1  HELIOS  RECONNAISSANCE 
SPACECRAFT. 


of  the  year,  final  testing  and  integration  were 
underway  (References  11-12). 

The  main  payload  control  facility  for  Helios 
will  be  at  Creil,  France,  whereas  primary  data 
reception  sites  will  be  located  in  all  three  part¬ 
ner  countries:  Colmar,  France;  Lecce,  Italy;  and 
Maspalomas,  Canary  Islands  (Spain).  A  tiered 
encryption  scheme  will  restrict  images  to  only 
one  or  more  of  the  Helios  program  states  with 
France  having  the  highest  priority  and  widest 
data  access.  Images  may  also  be  made  avail¬ 
able  to  the  Western  European  Union  (Section 
6.1.6)  or  to  selected  civilian  customers  on  a 
commercial  basis  (References  13-15). 

The  launch  of  Helios  1A  in  1995  is  sched¬ 
uled  to  be  followed  by  Helios  1 B  in  late  1 996  or 
early  1997.  This  is  a  significant  change  in  the 
original  program  which  envisioned  Helios  IB 
being  held  in  reserve  in  the  case  of  difficulties 
with  Helios  1A,  which  has  a  design  lifetime  of 
four  years  or  more.  In  part,  this  operational 
rethinking  was  brought  about  by  the  demon¬ 
strated  utility  of  space  systems  during  the  Per¬ 
sian  Gulf  War.  Helios-class  satellites  may  also 
be  sold  to  other  nations  if  France  can  maintain 
control  of  the  sale  and  use  of  the  reconnais¬ 
sance  products  (References  16-18). 

A  pair  of  Helios  2  spacecraft  will  be  devel¬ 
oped  for  missions  beginning  in  2001  with 
improved  optical  imagers  (resolution  perhaps 
down  to  0.5  m),  new  infrared  sensors  for  night¬ 
time  reconnaissance,  and  expanded  tape 
recorder  capacities  for  storage  of  a  greater 
number  of  photographs  (up  to  200)  between 
downlink  opportunities.  During  1994,  Germany 
was  being  wooed  to  join  the  Helios  2  program 
as  Spain  and  then  Italy  threatened  to  reduce 
their  contributions.  The  price  for  German  partic¬ 
ipation  was  likely  to  be  leadership  of  the  follow- 
on  synthetic  aperture  radar  reconnaissance  sat¬ 
ellite  Horus  (formerly  known  as  Osiris)  which 
could  be  launched  as  early  as  2005.  A  decision 
on  the  Helios  2  and  Horus  programs  was 
deferred  until  1995  after  the  French  national 
elections  (References  16-32). 

6.1.2  Italy 

As  noted  in  the  previous  section,  Italy  is  a 
founding  partner  (14%  share)  in  the  Helios  1 
program  and,  despite  severe  financial  pres¬ 
sures,  anticipates  to  continue  with  Helios  2.  A 
data  reception  and  processing  center  for  Helios 
images  has  been  constructed  at  Lecce.  Alenia 
is  a  principal  contractor  for  Helios  ground  sta¬ 
tions. 


6.1.3  Japan 

In  1 994  Japan  began  serious  consideration 
of  redefining  its  long-held  policy  prohibiting  the 
use  of  space  for  military  purposes.  The  Japa¬ 
nese  Defense  Agency,  Japan’s  Space  Activities 
Commission,  and  the  non-governmental 
Defense  Research  Center  all  issued  findings 
that  non-lethal,  particularly  photographic  recon¬ 
naissance,  military  space  missions  were  a  logi¬ 
cal  extension  of  Japan’s  space  and  national 
defense  activities.  Japan  currently  operates  the 
JERS  spacecraft  (Section  4.3.7)  with  optical 
and  synthetic  aperture  radar  sensors  yielding 
18  m  resolution,  a  militarily  useful  capability. 

Should  national  policy  be  modified  to  allow 
military  photographic  reconnaissance  systems, 
Japanese  officials  would  decide  whether  to 
develop  domestic  spacecraft,  procure  a  foreign 
space  system,  or  merely  purchase  high  resolu¬ 
tion  imagery  products  from  commercial  ven¬ 
dors.  One  proposal  recommends  a  network  of 
up  to  three  Japanese  spacecraft  with  resolu¬ 
tions  of  at  least  5  m  soon  after  the  turn  of  the 
century  (References  33-36). 

6.1 .4  People’s  Republic  of  China 

The  PRC  has  been  conducting  space- 
based  imaging  of  the  Earth  since  1 975  (Section 
4.3).  Although  some  of  these  missions  may 
have  been  in  whole  or  in  part  related  to  civil 
requirements.  Western  assessments  have  long 
held  that  some,  if  not  all,  were  also  concerned 
with  photographic  reconnaissance  of  a  national 
security  nature.  By  the  end  of  1994  a  total  of  16 
FSW-class  spacecraft  had  been  orbited  with  15 
successful  recoveries. 

Currently  operational  are  the  FSW-1  (1987) 
series  of  spacecraft  with  a  demonstrated  opera¬ 
tional  period  of  up  to  eight  days  and  the  FSW-2 
(1 992)  series  of  spacecraft  capable  of  stays  of 
up  to  16  days  in  length.  FSW  satellites  are  nor¬ 
mally  flown  only  once  each  year  and  usually  in 
the  August-October  period.  During  1993-1994, 
one  FSW-1  and  one  FSW-2  were  launched  on  8 
October  1993  and  3  July  1994,  respectively. 
The  1 993  mission  failed  when  an  attitude  con¬ 
trol  error  occurred  immediately  before  the  re¬ 
entry  burn  was  initiated.  Consequently,  the 
return  capsule  was  transferred  to  a  higher  ellip¬ 
tical  orbit  from  which  natural  decay  was 
expected  to  take  two  or  more  years. 

Unlike  Russian  photo  recon  satellites,  FSW- 
1  spacecraft  do  not  perform  orbital  maneuvers 
to  adjust  their  groundtracks  for  prolonged 
observations  over  areas  of  high  interest.  Typical 
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FSW-1  orbital  parameters  of  210  km  by  310  km 
at  inclinations  of  57-63°  would  permit  high  reso¬ 
lution  photography,  but  the  acknowledged  sen¬ 
sors  are  only  capable  of  10-15  m  resolution  (film 
return)  or  50  m  resolution  (digital  transmission). 

Only  two  FSW-2  missions  had  been  flown 
to  the  end  of  1994:  9-25  August  1992  and  3-18 
July  1994.  The  FSW-2  has  a  greater  payload 
capacity,  but  details  about  sensor  resolution 
limits  have  not  been  revealed.  In  addition  to 
exhibiting  lower  perigees  (170-175  km),  both  of 
the  FSW-2  spacecraft  demonstrated  small 
maneuver  capabilities  during  their  missions. 
These  attributes  would  increase  the  military  util¬ 
ity  of  the  vehicles:  however,  to  date  no  signifi¬ 
cant  photo  recon  program  for  national  security 
objectives  appears  to  be  underway  (See  Sec¬ 
tion  4.3.9  for  further  technical  specifications  and 
characteristics  of  the  FSW-1  and  the  FSW-2). 

6.1 .5  Russian  Federation 

Between  1962  and  1994  the  USSR/Russian 
Federation  placed  more  than  800  photo  recon¬ 
naissance  spacecraft  into  Earth  orbit  on  dedi¬ 
cated  military  missions  (another  25  spacecraft 
were  lost  in  launch  failures).  These  missions 
have  ranged  in  length  from  only  a  few  days  to 
more  than  400  days,  a  record  set  by  Kosmos 
2267  in  1994.  Only  seven  dedicated  military 
photo  recons  were  launched  during  each  of 
1993  and  1994.  However,  on  average  more 


than  two  spacecraft  were  operational  during  the 
entire  period,  and  no  observation  gaps 
appeared  (Figure  6.2).  Declassified  photo¬ 
graphs  with  resolutions  of  2-30  m  can  now  be 
purchased  commercially,  while  resolutions  on 
the  order  of  one-third  meter  have  been 
acknowledged. 

Since  the  first  Soviet  photo  spacecraft  was 
successfully  orbited  (Kosmos  4  in  1962),  a  vari¬ 
ety  of  specialized  spacecraft  have  been  devel¬ 
oped.  Today,  four  basic  classes  of  the  6-7  met¬ 
ric-ton  photo  recons  are  operational,  and  a 
possible  new  generation  spacecraft  began  flight 
testing  in  the  second  half  of  1994  (Figure  6.3). 
All  such  spacecraft  are  now  launched  by  the 
Soyuz-U/U2  launch  vehicle  from  either  the 
Baikonur  or  Plesetsk  Cosmodromes.  Whereas 
most  spacecraft  physically  return  film  to  Earth 
for  development  and  processing,  some,  longer 
duration  spacecraft  possess  either  digital  trans¬ 
mission  or  dual  transmission/capsule  capabili¬ 
ties. 

Unlike  many  satellites  designed  to  photo¬ 
graph  the  Earth,  Russian  photo  recons  fly  in 
posigrade  (normally  63°-83°)  orbits  rather  than 
sun-synchronous  trajectories.  Consequently, 
when  altitude  restoration  maneuvers  are  made 
every  7-10  days,  the  satellite’s  argument  of 
perigee  is  normally  adjusted  to  keep  perigee 
phased  with  acceptable  lighting  conditions.  For 
example,  during  a  typical  2-month  mission,  the 
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FIGURE  6.3  RUSSIAN  MILITARY  RECONNAISSANCE  PERIODS  BY  SPACECRAFT  TYPE. 


argument  of  perigee  will  be  rotated  progres¬ 
sively  from  ascending  passes  (first  month)  to 
descending  passes  (second  month).  Fifth-gen¬ 
eration  satellites  are  an  exception  with  argu¬ 
ments  of  perigee  normally  maintained  between 
80°  and  110°. 

The  so-called  third-generation  photo  recons 
are  derived  from  the  original  Zenit-2  spy  satel¬ 
lites  (Figure  6.4)  and  share  many  characteris¬ 
tics  and  systems  with  the  manned  Vostok 
spacecraft  of  the  time  and  the  Resurs-FI  civil 
Earth  observation  spacecraft  of  today.  The 
spacecraft  are  approximately  2.4  m  in  diameter 
with  a  length  of  6.5  m  and  a  mass  of  about  6.3 
metric  tons.  Film  is  returned  (along  with  the 
entire  camera  system)  in  a  spherical  2.3  m 
diameter,  2.4  metric  ton  capsule.  Within  each 
capsule  is  a  special  detonation  package  (origi¬ 
nally  10  kg  TNT)  which  is  activated  in  the  event 
that  a  malfunction  would  prevent  a  retrieval  of 
the  capsule  on  former  Soviet  territory  (Refer¬ 
ences  37-39). 

In  recent  years,  the  launch  rate  of  these 
battery-powered  vehicles  with  lifetimes  of  2-3 
weeks  has  dropped  dramatically  as  more  capa¬ 
ble,  longer  lived  spacecraft  have  assumed 
medium-to-low-resolution  reconnaissance 
duties.  Only  one  third-generation  Resurs-T 
spacecraft  (possibly  also  designated  Oblique) 
was  launched  from  Plesetsk  in  each  of  1993 
and  1 994  and  both  were  described  as  fulfilling 
geodetic  and  cartographic  objectives  from  high 
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inclination  (83°)  orbits:  Kosmos  2260  (22  July 
1993)  and  Kosmos  2281  (7  June  1994).  Char¬ 
acteristics  of  their  camera  systems  are 
unknown. 

In  1975  the  fourth-generation  Yantar  photo 
recon  spacecraft  debuted  for  the  purpose  of 
taking  over  the  high  resolution  reconnaissance 
duties  of  their  predecessors.  By  flying  elliptical 
orbits  with  perigees  typically  near  170  km, 
fourth  generation  spacecraft  can  enhance  the 
resolution  of  their  imaging  systems.  Principal 
improvements  of  the  original  fourth  generation 
satellites  included  an  extended  orbital  lifetime 
(initially  30  days;  now  60-70  days)  and  the 
capability  to  return  small  film  capsules  during 
the  course  of  the  mission  without  de-orbiting  the 
entire  spacecraft. 

The  spacecraft  is  approximately  7  m  long 
and  2.4  m  maximum  diameter  with  a  mass  of 
6.7  metric  tons.  Equipped  with  two  solar  arrays, 
Yantar  spacecraft  are  primarily  constrained  by 
maneuvering  propellant  and  film  reserves.  Kos¬ 
mos  2283  in  1994  set  a  new  endurance  record 
of  71  days  on  orbit.  During  1993  and  1994  three 
and  two  high  resolution  Yantar  spacecraft  were 
launched,  respectively,  but  one,  Kosmos  2259 
(14  July  1993)  failed  after  about  ten  days  in 
space.  All  missions  during  the  period  (Kosmos 
2231,  2240,  2259,  2274,  and  2283)  were 
launched  from  the  Plesetsk  Cosmodrome  into 
inclinations  of  63°-67°. 

A  variation  of  the  Yantar-class  spacecraft 
appeared  in  1981  (Kosmos  1246)  to  conduct 
high-precision  topographic  surveys.  These 
spacecraft,  now  referred  to  as  Kometa,  typically 
remain  in  orbit  for  44-45  days  and  are  distin¬ 
guished  by  their  relatively  circular  orbits 
between  210  and  280  km.  The  Kettering  Group 
also  regularly  detects  geodetic-type  signals  at 
150.3  MHz  from  this  satellite  class  (Appendix 
1).  Kometa  missions  are  always  launched  from 
the  Baikonur  Cosmodrome  into  inclinations  of 
65°  or  70°  at  the  rate  of  one  or  two  per  year. 

The  only  successful  mission  of  this  type 
during  1993-1994  was  performed  by  Kosmos 
2284  (29  July  1994).  Another  Kometa  flight  was 
attempted  on  27  April  under  the  name  of  Kos¬ 
mos  2243.  However,  the  final  stage  of  its 
Soyuz-U  launch  vehicle  malfunctioned,  causing 
an  immediate  activation  of  Kosmos  2243’s  self- 
destruction  system  upon  reaching  orbit.  Kometa 
spacecraft  are  believed  to  carry  (1 )  the  TK-350 
10-m  resolution  stereo  camera  system,  pro¬ 
duced  by  the  Belarus  Optical  Camera  Com¬ 


pany,  with  an  Earth’s  surface  field-of-view  of 
180  km  by  270  km  and  (2)  the  KVR-1000  2-m 
resolution  camera  system  with  an  image  field- 
of-view  of  40  km  by  40  km  (see  section  4.3.1 1). 

The  fifth-generation,  digital  transmission 
photo  recons  debuted  in  1982  with  the  flight  of 
Kosmos  1426.  With  a  reported  resolution  of  at 
least  2  m,  these  spacecraft  are  normally 
launched  once  or  twice  per  year  from  the 
Baikonur  Cosmodrome  into  inclinations  of  64.9° 
or  70.4°.  After  the  initial  mission  of  67  days,  the 
fifth  generation  photo  recons  quickly  extended 
their  normal  operational  lifetimes  to  170-260 
days.  Beginning  in  1992,  mission  durations 
increased  markedly,  culminating  in  the  418-day 
flight  of  Kosmos  2267  (5  November  1993).  Data 
transmissions  can  apparently  be  made  directly 
to  special  ground  stations  or  relayed  via  geo¬ 
synchronous  satellites  of  the  Geyser  class  (Ref¬ 
erences  40-45).  The  fifth-generation  spacecraft 
may  resemble  the  civilian  Resurs-Spektr  space¬ 
craft  (Section  4.3.11). 

Kosmos  2267  was  the  only  fifth-generation 
photo  recon  launched  in  1993,  having  been 
launched  about  six  weeks  before  its  predeces¬ 
sor,  Kosmos  2223,  finished  its  mission.  Kosmos 
2267  was  Joined  on  28  April  1994  by  Kosmos 
2280.  For  the  next  eight  months,  the  pair 
worked  together  in  orbital  planes  90°  apart, 
often  alternating  their  orbital  maneuvers  at 
roughly  20-day  intervals.  Kosmos  2267  finally 
was  deorbited  over  the  Pacific  Ocean  on  28 
December  1994,  only  to  be  followed  the  next 
day  by  the  next  in  the  series,  Kosmos  2305 
(Reference  45). 

A  sixth  generation  of  photo  recons  began 
operations  with  Kosmos  2031  in  1989.  The 
spacecraft  drew  immediate  attention  with  its 
50.5°  inclination,  a  rarely  used  orbit  often 
employed  for  testing  new  satellites.  (The  previ¬ 
ous  use  was  the  inaugural  flight  of  the  fifth-gen¬ 
eration  photo  recon  nearly  seven  years  earlier.) 
The  sixth-generation  spacecraft,  believed  to 
carry  both  film  return  capsules  and  digital  trans¬ 
mission  capabilities,  have  only  flown  five  times: 
once  each  year  during  1989-1993. 

Sixth-generation  photo  recons  have  only 
been  launched  from  the  Baikonur  Cosmodrome 
using  the  Soyuz-U2  launch  vehicle,  which  has 
otherwise  been  restricted  to  supporting  Soyuz- 
TM  and  Progress-M  missions.  Following  the 
first  mission,  each  spacecraft  was  inserted  into 
an  orbital  inclination  of  64.8-64.9°  with  mean 
operational  altitudes  normally  between  240  and 


336 


260  km.  Another  peculiar,  identifying  character¬ 
istic  is  the  in-orbit  detonation  of  sixth-generation 
spacecraft  at  the  end  of  their  operationai  lives. 
Kosmos  2262,  the  last  sixth-generation  mission 
and  the  only  one  to  be  launched  during  1993- 
1 994,  nearly  doubled  the  60-day  record  of  its 
predecessors  with  a  flight  lasting  102  days.  The 
spacecraft  was  destroyed  in  orbit  as  it  passed 
over  northeastern  Russia,  ensuring  that  much 
of  the  debris  would  fall  into  the  Pacific  Ocean. 

In  August,  1 994,  an  apparently  new  type  of 
photographic  reconnaissance  spacecraft  was 
launched  as  Kosmos  2290.  Although  its  initiai 
orbit  of  212  km  by  292  km  at  an  inciination  of 
64.8°  was  not  unusual,  its  use  of  a  Zenit-2 
launch  vehicle  was.  Throughout  Kosmos  2290’s 
221 -day  mission,  the  spacecraft  behaved  simi- 
lariy  to  other  Russian  photo  recons,  although  its 
apogee  altitude  was  progressiveiy  raised  during 
normai  anti-drag  maneuvers  (Figure  6.5).  Just 
prior  to  its  return  to  Earth,  the  spacecraft  moved 
into  a  markedly  higher  orbit  uniike  previous  miii- 
tary  spacecraft.  One  week  iater  the  spacecraft 
was  de-orbited  over  the  Pacific  Ocean.  In  the 
absence  of  any  information  on  Kosmos  2290  by 
the  Russian  Military  Space  Forces,  the  space¬ 
craft’s  nature  is  stiil  under  investigation  in  the 
West,  and  the  spacecraft  has  tentativeiy  been 
designated  as  the  first  seventh-generation 
photo  recon  (Reference  46). 

In  the  1980’s  a  large  synthetic  aperture 
radar  reconnaissance  system  was  developed 
under  the  then  military  Almaz  program.  This 
system  lost  support  from  the  Ministry  of 


Defense  and  was  eventualiy  converted  into  a 
quasi-commercial  Earth  observation  program 
(Section  4.3.11)  with  flights  in  1987  and  1991. 
No  comparabie  SAR  system  is  now  known  to  be 
under  development  by  the  Russian  Federation 
for  dedicated  national  security  applications. 

6.1.6  Spain 

Although  the  smallest  contributor  to  the 
French-ltalian-Spanish  Helios  program  (Section 
6.1.1),  Spain  has  made  a  commitment  to  using 
space-based  assets  to  bolster  national  security. 
In  addition  to  the  Heiios  data  reception  center  at 
Maspaiomas,  Canary  Isiands,  Spain  hosts  the 
Western  European  Union  Satellite  Center  in 
Torrejon  which  interprets  data  from  civil  Earth 
observation  satellites  and  wiil  receive  images 
for  Helios  once  it  becomes  operational.  Spain 
has  reiterated  its  intention  to  participate  in  the 
Helios  2  program. 

6.1.7  Western  European  Union 

The  Western  European  Union,  consisting  of 
nine  principal  member  states  (Belgium,  France, 
Germany,  Italy,  Luxembourg,  the  Netherlands, 
Portugal,  Spain,  and  the  United  Kingdom),  and 
18  other  nations  in  iesser  roies,  constitutes  the 
defense  organization  of  the  12-state  European 
Union.  Since  1988  the  WEU  has  considered  the 
formation  of  a  space  agency,  the  European  Sat- 
eliite  Control  Agency  (ESCA),  with  a  primary 
objective  of  performing  national  security  recon¬ 
naissance  from  space  with  emphasis  on  treaty 
verification  capabiiities.  The  WEU  held  a  collo- 
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quy  in  Paris  in  June,  1993,  to  further  examine 
the  requirements  and  utility  of  an  ESCA.  After 
postponing  a  decision  of  integrating  WEU 
requirements  and  funding  with  the  French-led 
Helios  program,  the  WEU  in  1991-1992  decided 
to  establish  an  image  processing  and  interpre¬ 
tation  center  which  would  initially  work  with  data 
from  SPOT,  Helios,  ERS,  and  other  commercial 
sources,  including  data  from  Russian  photo 
recons. 

The  WEU  Satellite  Center  at  Spain’s  Torre- 
jon  Air  Base  near  Madrid  opened  in  April,  1993, 
and  almost  immediately  came  under  fire  for  its 
limited  data  processing  capabilities.  After  over¬ 
coming  additional  budget  pressures,  the  center 
appeared  to  be  on  firmer  ground  by  the  end  of 
1994  with  a  decision  expected  in  1995  to  make 
the  facility  permanent.  The  center’s  present 
objectives  are  to  demonstrate  the  application  of 
space  imagery  in  the  fields  of  treaty  verification, 
crisis-monitoring,  and  environmental  monitor¬ 
ing.  The  concept  of  operating  an  independent 
WEU  satellite  system,  perhaps  by  taking  over 
the  Helios  2  and  Horus  programs,  has  gained 
some  support  in  the  WEU.  However,  simulta¬ 
neous  operations  of  Helios  and  a  separate 
WEU  network  are  unlikely  (References  47-57). 

6.2  ELECTRONIC  INTELLIGENCE 

Electronic  intelligence  (ELINT)  satellites, 
which  use  active  or  passive  techniques  to 
detect  specific  targets,  complement  the  data 
returned  by  imaging  reconnaissance  satellites 
to  provide  a  more  complete  picture  of  an  adver¬ 
sary’s  forces  or  intentions.  The  most  common 
ELINT  satellites  are  designed  to  pickup  radio 
and  radar  emanations  of  ships  at  sea,  mobile  air 
defense  radars,  fixed  strategic  early  warning 
radars,  and  other  vital  military  components  for 
the  purpose  of  identification,  location,  and  sig¬ 
nals  analysis. 

The  data  can  then  be  used  for  weapons  tar¬ 
geting,  offensive  and  defensive  engagement 
planning,  and  even  countermeasure  develop¬ 
ment.  In  a  conflict,  the  electronic  order  of  battle 
(EOB)  provided  by  space-based  ELINT  systems 
may  be  even  more  valuable  than  conventional 
photographic  reconnaissance.  Unlike  photo 
recon  satellites,  ELINT  spacecraft  can  fly  at 
much  higher  altitudes  without  significant  impact 
on  sensitivity  (the  ELINT  counterpart  to  photo 
recon  resolution).  Consequently,  ELINT  satel¬ 
lites  can  exploit  very  wide  fields-of-view  and 
thereby  broaden  coverage  of  terrestrial  regions 


considerably.  Since  ELINT  satellites  operate 
independently  of  lighting  conditions,  small  con¬ 
stellations  of  satellites  can  provide  regular,  fre¬ 
quent  interception  opportunities. 

6.2.1  France 

While  no  European  or  Asian  country  other 
than  the  Russian  Federation  currently  operates 
ELINT  satellites,  France  will  deploy  its  first  sat¬ 
ellite  of  this  type  in  1995  under  the  CERISE 
(Characterisation  de  I’Environment  Radio-elec- 
trique  par  un  Instrument  Spatial  Embarque)  pro¬ 
gram.  A  much  more  capable  satellite  named 
Zenon  is  under  development  for  launch  some¬ 
time  about  the  turn  of  the  century.  The  CERISE 
satellite  is  actually  a  50-kg  mini-satellite  which 
will  be  carried  piggyback  with  the  Helios  1 A  mil¬ 
itary  reconnaissance  satellite  (Section  6.1.1). 
Based  on  the  UK’s  UoSAT  spacecraft  bus, 
CERISE  is  being  designed  and  manufactured 
by  Alcatel  Espace.  The  project  is  viewed  as 
largely  experimental,  and  CERISE  will  have  the 
capability  of  detecting  a  limited  portion  (high  fre¬ 
quency)  of  the  electromagnetic  spectrum.  A  fol¬ 
low-on  spacecraft  named  Clementine  is  tenta¬ 
tively  scheduled  for  launch  in  1998  to  exploit 
low  frequency  signals. 

Anticipating  practical  results,  the  French 
government  in  1992  began  studying  the  feasibil¬ 
ity  of  deploying  and  operating  the  large,  dedi¬ 
cated  Zenon  ELINT  satellite.  The  space  archi¬ 
tecture  of  a  potential  Zenon  network  is  still  in  a 
formative  stage.  The  program  may  concentrate 
on  studying  the  emissions  of  foreign  tactical  and 
strategic  radars  (References  58-62). 

6.2.2  Russian  Federation 

The  Russian  Federation  is  the  only  member 
of  the  European  space  community  known  to 
operate  ELINT  satellite  systems.  Since  1967 
approximately  200  spacecraft  have  been 
orbited  by  the  former  Soviet  Union/Russian 
Federation  for  dedicated  ELINT  missions.  Addi¬ 
tional  spacecraft  may  have  carried  ELINT  pack¬ 
ages  as  secondary  payloads.  During  1993-1994 
a  total  of  1 1  Russian  ELINT  spacecraft,  repre¬ 
senting  three  classes  of  vehicles,  were 
launched,  although  one  satellite  failed  to  reach 
orbit  due  to  a  booster  malfunction.  At  the  begin¬ 
ning  of  1995  the  integrated  Russian  ELINT  con¬ 
stellation  consisted  of  1 1  primary  spacecraft. 

Two  of  the  three  ELINT  networks  estab¬ 
lished  and  maintained  by  the  USSR/CIS  are 
believed  to  be  global  in  nature,  i.e.,  they  are 
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designed  to  detect  land-based  as  well  as  sea- 
based  electronic  signals.  The  principal  mode  of 
operations  is  for  each  satellite  to  record  the  type 
of  signal  received  and  to  determine  the  direction 
of  the  transmitter  from  the  satellite’s  position. 
These  data  are  then  stored  and  forwarded  to 
special  receiving  stations  or  are  relayed  in  near¬ 
realtime  via  data  relay  satellites.  Analysts  on 
the  ground  can  then  combine  the  data  from  sev¬ 
eral  satellites  to  pinpoint  the  location  of  the 
receiver  and  to  determine  the  type  of  the  emit¬ 
ter.  For  mobile  targets,  the  frequency  of  FLINT 
overflights  is  crucial  to  maintaining  an  accurate 
knowledge  of  the  target’s  position. 

Historically,  FLINT  systems  have  played  a 
major  role  in  Soviet  military  doctrine.  With  the 
dramatic  increase  of  radio  and  radar  emitters  on 
the  battlefield  during  the  past  30  years,  the 
value  of  FLINT  satellites  has  also  risen.  In  the 
former  Soviet  Union,  the  Chief  Intelligence 
Directorate  of  the  Soviet  General  Staff  (GRU) 
was  tasked  with  the  primary  responsibility  for 
global  FLINT  satellite  systems.  Collection 
activities  were  managed  by  the  Satellite  Intelli¬ 
gence  Directorate,  while  the  data  analysis  func¬ 
tion  was  performed  by  the  Decrypting  Service 
(References  63-65). 

At  the  end  of  1994  the  Russian  global 
FLINT  satellite  capability  was  distributed 
between  a  second-generation,  store/dump  sys¬ 
tem  nearing  the  end  of  a  long  (1 5  year)  service 
record  and  a  more  advanced  model  which  will 
probably  remain  the  principal  intelligence  gath¬ 
ering  system  for  the  remainder  of  this  decade. 
The  former  has  apparently  been  reduced  to  a 
constellation  of  three  or  less  spacecraft,  known 
as  Tselina  D,  placed  In  orbital  planes  30°  apart 
at  altitudes  of  635-665  km,  while  the  latter  is 
now  represented  by  four  spacecraft,  known  as 
Tsienia  2,  in  orbital  planes  40°  apart  at  altitudes 
of  850  km. 

Tselina  D  spacecraft,  launched  exclusively 
by  the  Tsyklon-3  launch  vehicle  since  1983,  are 
estimated  to  have  a  mass  of  less  than  two  met¬ 
ric  tons.  The  similarity  of  their  orbits  to  Okean 
satellites,  their  similar  radar  cross-sections,  and 
their  lack  of  maneuverability,  suggest  that  these 
FLINT  spacecraft,  like  their  Tselina  D  cousins, 
are  the  product  of  the  Ukranian  Yuzhnoye  Sci¬ 
entific  Production  Association,  the  makers  of 
Okean.  A  report  in  1985,  citing  a  classified  GAO 
study,  estimated  that  these  FLINT  satellites 
could  determine  the  location  of  pulsed  emitters 


with  an  accuracy  of  about  10  km  (Reference 

66). 

The  original  Tselina  D  constellation  con¬ 
sisted  of  six  spacecraft  in  evenly  spaced  orbital 
planes,  but  by  the  end  of  1992,  the  network 
appeared  to  have  been  reduced  to  only  three 
satellites  with  60°  orbital  plane  separations.  The 
only  launch  of  1993  occurred  on  16  April  when 
Kosmos  2242  was  inserted  into  an  orbital  plane 
midway  between  the  previous  two  missions 
(Kosmos  2221  and  Kosmos  2228),  forming  a 
potential  new  system  of  three  spacecraft  in 
orbital  planes  only  30°  apart. 

The  only  other  apparent  Tselina  D  mission 
of  the  1993-1994  period  failed  on  25  May  1994 
when  a  Tsyklon-3  launch  vehicle  suffered  a 
staging  malfunction  and  its  payload  fell  back  to 
Farth  into  the  Fast  Siberian  Sea.  The  timing  of 
the  launch  from  the  Plesetsk  Cosmodrome  sug¬ 
gested  an  attempt  to  “replace”  the  old  Kosmos 
1975  spacecraft,  whose  orbital  plane  was  90° 
away  from  Kosmos  2242,  and  the  spacecraft 
may  have  been  the  last  of  its  kind.  The  opera¬ 
tional  status  of  the  Tselina  D  constellation  can 
be  inferred  by  Kettering  Group  interceptions  of 
the  spacecraft’s  CW  beacon  operating  at  about 
153  MHz  (Appendix  1). 

A  successor  to  the  Tselina  D  network, 
Tselina  2,  began  flight  testing  in  1984. 
Launched  by  Zenit-2  boosters  from  the 
Baikonur  Cosmodrome,  these  more  modern 
FLiNTs  are  assessed  to  be  capabie  of  near- 
reaitime  downlinks  via  Geyser  geosynchronous 
spacecraft.  (The  first  two  missions  were 
launched  by  the  Proton-K  booster  before  the 
Zenlt-2  was  available.)  The  higher  aititude  and 
lower  inclination  (71.0°  versus  82.6°)  of  Tselina 
2  as  compared  to  Tselina  D  actuaily  increase 
the  frequency  of  detection  in  the  temperate 
zones  without  sacrificing  polar  coverage.  The 
Yuzhnoye  NPO  is  responsibie  for  both  the 
launch  vehicle  and  the  spacecraft  (References 
67-68). 

After  nine  launches  (including  one  launch 
failure)  during  the  first  six  years,  the  program 
was  wrecked  by  three  successive  Zenit-2 
launch  failures  between  October,  1990,  and 
February,  1992.  The  first  mishap  occurred  after 
only  three  seconds  into  the  flight  and  resulted  in 
the  complete  destruction  of  the  Zenit  launch 
pad.  The  subsequent  two  failures  were  traced 
to  heating  problems  in  the  second  stage  main 
engine.  During  this  time  the  then-Soviet  periodi- 
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cal  Red  Star  acknowledged  the  mission  of  the 
Tselina  2  was  to  “verify  the  fuifiiiment  of  disar¬ 
mament  treaty  commitments”  (Reference  69). 

Finally,  in  November  and  December,  1 992, 
more  than  two  years  after  the  trio  of  Zenit-2 
launch  failures  began,  replenishment  Tselina  2 
spacecraft  were  successfuliy  depioyed  under 
the  guise  of  Kosmos  2219  and  Kosmos  2227. 
Together  with  Kosmos  2082  (May,  1990),  the 
new  spacecraft  formed  a  network  of  three 
orbital  planes  spaced  approximately  45°  apart. 

Two  missions  were  attempted  in  each  of 
1993  and  1994,  but  the  first  of  these  spacecraft 
(Kosmos  2237,  26  March  1 993)  failed  within  a 
few  days  of  launch.  Initially,  the  malfunction  was 
believed  to  have  been  caused  by  collision  with  a 
piece  of  debris  from  its  Zenit-2  second  stage. 
The  stage  had  exploded  shortly  after  reaching 
its  desired  orbit  (as  had  Kosmos  2227’s  iaunch 
vehicle)  due  to  unexpected  side-effects  of  the 
fix  implemented  to  solve  the  main-engine  faii- 
ures  of  1991  and  1992  (Reference  70).  An 
investigation  later  concluded  that  the  Kosmos 
2237  spacecraft  itself  was  at  fault. 


The  next  three  spacecraft  (Kosmos  2263  in 
September,  1 993;  Kosmos  2278  in  April,  1 994; 
and  Kosmos  2297  in  November,  1 994)  experi¬ 
enced  nominai  deployments.  However,  a  slight 
constellation  alteration  was  apparentiy  intro¬ 
duced.  At  the  end  of  1 994  Kosmos  2227,  2263, 
2278,  and  2297  formed  a  regular  network  of 
orbital,  planes  spaced  40°  apart,  rather  than  the 
earlier  45°  separations. 

Since  1974,  a  separate,  highiy  speciaiized 
FLINT  Ocean  Reconnaissance  Satellite  (EOR- 
SAT)  system  has  been  operated  by  the  USSR 
and  then  the  Russian  Federation. 

The  objectives  of  the  EORSAT  system  are 
to  detect,  identify,  and  track  Western  shipping, 
particulariy  naval  task  forces  which  might 
threaten  the  CIS  or  are  engaged  in  a  confiict 
eisewhere  in  the  world.  More  importantly,  EOR- 
SATs  are  designed  to  provide  direct  tacticai 
support  to  CIS  forces  in  the  form  of  weapons 
targeting  data  via  the  near-reaitime  transmis¬ 
sion  of  its  inteliigence  information  (References 
67,  71-73).  Such  data  can  be  beamed  directiy  to 
CIS  ships  equipped  with  Punch  Bowl  antennas 


340 


or  sent  to  Moscow  for  relay  via  Molniya  and 
Raduga  satellites  to  Russian  or  CIS  vessels 
carrying  Big  Ball  communications  antennas 
(References  74-76). 

Since  navai  vessels  may  be  in  transit  at 
high  speeds,  several  sightings  in  a  short  period 
of  time  are  desired  to  determine  location,  head¬ 
ing,  and  speed.  To  accomplish  this  the  EOR- 
SAT  constellation  normally  consists  of  multiple 
satellites  in  two  orbital  planes.  A  complete 
EORSAT  constellation  might  consist  of  six  sat- 
eiiites  with  three  satellites  evenly  spaced  in 
each  of  two  orbital  planes  separated  by  approx¬ 
imately  145°.  This  arrangement  ensures  a  flurry 
of  over-flights  for  specific  regions,  increasing 
the  probability  of  detection  and  the  accuracy  of 
position  and  movement  data  (Figure  6.6).  EOR- 
SATs  are  believed  to  be  capabie  of  estimating 
naval  positions  to  within  two  kilometers  (Refer¬ 
ence  66). 

The  current  operational  orbit  for  EORSATs 
is  404  km  by  417  km  at  an  inclination  of  65°. 
This  altitude  regime  is  rigidly  maintained  (±  1 
km)  with  frequent  orbital  maneuvers  as  are  the 
relative  spacings  of  EORSATs  to  adhere  to  a 
strict  groundtrack  pattern  which  repeats  every 
three  days  (46  revolutions).  All  operational 
EORSATs  possess  the  same  set  of  46  ascend¬ 
ing  nodes  and  are  primarily  phased  in  time.  A 
geometric  analysis  suggests  that  this  phasing  is 
iinked  to  the  field-of-view  of  the  satellites  for 
their  selected  altitude  (Reference  77). 

Like  the  global  ELINTs,  EORSATs  are  sub¬ 
servient  to  the  GRU,  although  they  are  operated 
by  the  Department  for  Satellite  Intelligence  of 
the  Naval  Intelligence  Directorate  of  the  Main 
Navy  Staff,  Naval  Headquarters.  The  organiza¬ 
tion  responsibie  for  EORSATs  is  the  Kometa 
Central  Scientific  Production  Association, 
headed  by  General  Director  and  General 
Designer  Academician  Anatoli  I.  Savin.  Major 
construction  activity  is  performed  at  the  Arsenal 
enterprise  in  St.  Petersburg.  The  Kometa 
TsNPO  is  also  known  to  be  responsible  for  the 
sister  Radar  Ocean  Reconnaissance  Satellite 
(RORSAT),  which  operated  during  1970-1988, 
as  weli  as  other  high  value  tactical  and  strategic 
space  systems. 

The  EORSAT  is  a  3,000  kg  spacecraft  prin¬ 
cipally  comprised  of  a  1.3  m  diameter,  17.0  m 
long  cylindrical  bus  and  two  large  solar  arrays 
(Figure  6.7).  From  documents  and  information 
released  by  the  Arsenal  Design  Bureau  under 
its  Konversia  (conversion)  program,  the  EOR- 


FIGURE  6.7  EORSAT  SPACECRAFT  BUS. 

SAT  bus  contains  a  primary  injection  engine 
(the  Tsyklon-2  launch  vehicle  inserts  the  EOR¬ 
SAT  into  a  120  km  by  41 5  km  transfer  orbit  from 
which  the  spacecraft  maneuvers  into  its  circular 
operational  orbit)  of  300-600  kg  thrust.  Four  10- 
kg-thrust  attitude  control  engines  are  also  car¬ 
ried.  All  propulsion  systems  employ  UDMH  and 
N204  stored  in  eight  60-liter  tanks.  A  special 
communications  antenna  on  top  of  the  vehicle 
is  designed  for  realtime  or  near-realtime  opera¬ 
tions  via  a  geosynchronous  relay  satellite  (pre¬ 
sumably  Geyser  for  the  EORSAT  network).  The 
primary  EORSAT  payload  antenna  is  appar¬ 
ently  configured  in  the  form  of  an  “X”  (like  the 
civilian  Okean  spacecraft)  and  is  carried  on  the 
Earth-facing  side  of  the  bus  (References  78  and 
79). 

By  the  beginning  of  1993,  37  EORSAT 
spacecraft  had  been  launched  with  a  maximum, 
reference  orbit  lifetime  of  more  than  700  days. 
EORSATs  were  characterized  by  numerous 
fragmentation  events  (apparent  explosions) 
during  the  1975-1987  period,  but  current  prac¬ 
tices  dictate  a  series  of  perigee-lowering,  pro¬ 
pellant-depletion  burns  at  the  end-of-life.  Since 
this  procedure  was  implemented,  all  EORSAT 
fragmentations  (involving  16  spacecraft)  have 
ceased. 

From  a  temporary  high  of  six  operational 
EORSATs  in  late  1990,  the  EORSAT  constella¬ 
tion  steadily  declined  during  1991-1992  (which 
witnessed  only  one  replenishment  launch  In 
January  1991)  to  a  single  spacecraft  by  the 
beginning  of  1993.  On  4  March  1993  the  last 
EORSAT  spacecraft  performed  an  end-of-life 
maneuver,  terminating  all  EORSAT  activities  for 
the  first  time  since  1 983  after  setting  a  record 
mission  duration  of  775  days. 
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This  apparent  abandonment  of  the  program 
was  short-lived  when  Kosmos  2238  was 
launched  on  30  March  1 993.  A  month  later  Kos¬ 
mos  2244  joined  its  predecessor  and  was  in 
turn  followed  by  Kosmos  2258  in  early  July.  All 
three  spacecraft  were  coplanar  and  were  evenly 
spaced  about  their  plane  at  120°  intervals  to 
ensure  a  common  set  of  precise  groundtracks. 
The  final  mission  of  1993,  Kosmos  2264, 
occurred  in  September  and  inaugurated  a  new 
orbital  plane  145°  to  the  west  of  the  established 
plane. 

The  EORSAT  network  remained 
unchanged  for  a  full  year  until  Kosmos  2238 
was  retired  on  21  September  1994.  A  little  more 
than  six  weeks  later,  Kosmos  2293  was 
launched  into  the  same  plane  as  Kosmos  2264, 
creating  a  new  constellation  of  two  spacecraft  in 
each  of  two  orbital  planes  (Figure  6.8).  No  fur¬ 
ther  changes  to  the  constellation  were  under¬ 
taken  through  the  end  of  1 994. 

The  Soviet  RORSAT  program,  mentioned 
briefly  above,  began  sporadic  operations  in 
October  1970,  after  two  1-day  flight  tests  of 
spacecraft  support  systems  in  1967  and  1968 


(Kosmos  198  and  Kosmos  209,  respectively). 
Equipped  with  a  nuclear-powered  radar,  the 
RORSAT  spacecraft  could  reportedly  detect 
destroyer-size  ships  in  good  weather  and  air¬ 
craft  carrier-size  vessels  in  rough  seas,  but  sub¬ 
marine  detection  remained  an  elusive  goal.  The 
RORSAT  program  ceased  flight  operations  in 
1988  after  five  serious  mishaps  in  33  missions, 
including  two  nuclear  reactors  falling  back  to 
Earth  from  orbit  and  two  launch  failures. 

The  RORSAT  spacecraft  possessed  some 
similarities  with  its  EORSAT  relation  and  was 
3,800  kg  in  mass,  1.3  m  in  diameter,  and  10  m 
in  length.  The  nuclear  reactor  and  high  altitude 
storage  system  (needed  to  maneuver  the  reac¬ 
tor  from  its  operational  orbit  of  250  km  to  a  long- 
lived  disposal  orbit  of  900-1 ,000  km)  accounted 
for  1,250  kg  and  slightly  more  than  half  (5.8  m) 
the  length  of  the  spacecraft.  The  fuel  assembly 
(53  kg,  0.6  m  long,  0.2  m  in  diameter)  consisted 
of  37  cylindrical  fuel  elements  with  31.1  kg 
(beginning  of  life)  of  90%  U235  enrichment 
(Reference  80). 

Following  the  reentry  of  Kosmos  954  over 
Canada  in  1978,  the  RORSAT  reactor  under- 


FIGURE  6.8  EORSAT  CONSTELLATION  CONFIGURATION,  NOVEMBER  1994. 
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went  several  modifications,  including  the  ability 
to  eject  the  fuei  assembiy  at  the  end  of  iife, 
hopefully  in  the  disposai  orbit  but  prior  to  reen¬ 
try  in  the  event  of  accident,  e.g.  Kosmos  1402  in 
1983.  Between  1980  and  1988,  at  least  14 
RORSATs  did  perform  fuel  assembly  ejection  in 
the  higher  altitude  storage  orbits.  However,  not 
untii  1994  did  terrestrial-based  space  surveil¬ 
lance  sensors  detect  what  may  be  large  num¬ 
bers  of  very  small  particles  of  NaK  reactor  cool¬ 
ant  released  when  the  fuel  assembly  was 
ejected  (References  80-81). 

6.3  BALLISTIC  MISSILE  LAUNCH 
DETECTION 

In  the  early  1960’s  the  US  and  the  USSR 
began  deploying  iarge  ground-based  radars  to 
detect  the  approach  of  nuciear  warheads 
launched  by  ICBMs  and  later  by  SLBMs.  How¬ 
ever,  these  radars  were  normally  restricted  to 
observing  the  threat  objects  relatively  late  in 
their  trajectories,  ailowing  little  time  to  respond. 
A  space-based  surveiilance  system,  on  the 
other  hand,  would  have  the  advantage  of 
detecting  an  ICBM  or  SLBM  much  earlier,  in  the 
powered  flight  regime.  Equaily  important, 
launch  detection  satellites  couid  observe  the 
missiies  as  a  consequence  of  their  infrared 
emissions,  permitting  a  dual  phenomenology 
(radar  and  IR)  warning  system  necessary  to 
eliminate  false  alarms.  IR  signatures  couid  also 
be  used  to  identify  the  type  of  bailistic  missiie, 
indicating  the  probabiy  nature  of  the  nuclear 
threat. 

For  more  than  20  years,  only  the  US  and 
the  USSR/Russian  Federation  have  operated 
space-based  baliistic  missile  launch  detection 
systems.  Now,  due  to  the  proliferation  of  ballis¬ 
tic  missile  technology  in  the  Third  World  and 
due  to  advances  in  IR  detectors,  other  nations, 
e.g.,  France,  Japan,  and  the  WEU,  are  now 
studying  the  feasibility  of  national  or  multi¬ 
national  launch  detection  networks.  Meanwhile, 
the  US,  the  Russian  Federation,  and  others  are 
examining  proposals  for  new  space-based  early 
warning  systems  which  could  support  national 
or  regional  missile  defense  systems. 

6.3.1  France 

During  1994  the  French  national  space 
agency,  CNES,  and  the  firm  Matra  Marconi 
closely  studied  the  requirements  and  benefits  of 
an  early  warning  satellite  system.  The  latter’s 
efforts  culminated  in  a  preliminary  design  fea¬ 


turing  two  2,500-kg  geosynchronous  spacecraft 
which  could  be  launched  by  the  year  2005.  The 
600-kg  payload  would  employ  a  cooled,  solid- 
state  array  of  cells  sensitive  to  IR  regime  emis¬ 
sions  within  surface  regions  of  5  km2  extent. 
Position  accuracies  of  up  to  100  m  at  altitudes 
above  6  km  should  be  achievable.  The  pro¬ 
posed  spacecraft  would  be  3-axis-stabilized 
with  a  maximum  electrical  power  capacity  of  2 
kW,  of  which  0.4  kW  would  be  required  by  the 
payload.  Serious  consideration  of  the  proposals 
was  expected  in  1995  (References  83-84). 

6.3.2  Japan 

With  the  spread  of  more  capable  ballistic 
missiles  in  Asia,  Japan  has  recently  undertaken 
increasingly  serious  studies  of  early  warning 
and  ballistic  missile  national  defense  systems. 
Like  its  reevaluation  of  photographic  reconnais¬ 
sance  spacecraft,  early  warning  satellites  would 
not  violate  Japan’s  prohibition  on  offensive  mili¬ 
tary  space  systems.  Alternatively,  Japan  may 
join  with  the  US  in  a  tactical  ballistic  missile 
defense  system  which  would  rely  on  American 
detection  spacecraft  in  LEO  and  /or  GEO  (Ref¬ 
erence  85). 

6.3.3  Russian  Federation 

The  Soviet  early  warning  satellite  program 
did  not  officially  begin  until  the  early  1970’s 
under  the  leadership  of  Academician  Anatoli 
Savin  (now  the  General  Designer  and  General 
Director  of  the  Kometa  Central  Scientific  Pro¬ 
duction  Association).  The  Scientific  Supervisor 
of  the  project  was  M.  M.  Miroshnikov  of  the 
Vavilov  State  Optics  Institute,  which  led  to  the 
program  sometimes  being  referred  to  as  Project 
M  (for  Miroshnikov).  Without  extensive  Earth 
observational  data  in  the  portions  of  the  electro¬ 
magnetic  spectrum  of  interest,  Soviet  designers 
selected  for  evaluation  three  basic  types  of  sen¬ 
sors  which  might  be  capable  of  detecting  and 
tracking  a  ballistic  missile  during  powered  flight. 
Vidicon  tubes  sensitive  to  the  near  infrared  and 
the  ultraviolet  were  tested  for  the  first-genera¬ 
tion  system,  and  infrared  solid-state  detectors 
with  a  mechanical  scanner  were  viewed  as  a 
logical  improvement  for  a  second-generation 
spacecraft  (Reference  86). 

An  inability  to  detect  missile  engine  plumes 
against  the  natural  background  of  the  Earth  led 
to  a  decision  which  directly  affected  the  design 
of  the  satellite  and  the  orbital  characteristics  of 
the  subsequent  constellation.  Sensors  would  be 
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FIGURE  6.9  OKO  MISSILE  DETECTION 
SPACECRAFT. 

positioned  to  concentrate  surveillance  on  a 
region  just  above  the  Earth’s  limb  in  the  vicinity 
of  anticipated  ballistic  missile  launches,  i.e., 
American  and  Chinese  ICBM  silos.  This 
requirement  in  turn  made  highly  elliptical, 
inclined  orbits  (of  the  Molniya  class)  more 
attractive  than  geostationary  orbits,  which  the 
USSR  had  yet  to  exploit. 

Although  the  first  in-orbit  tests  of  the  Oko 
early  warning  spacecraft  bus  started  with  the 
launch  of  Kosmos  520  in  1 972,  the  first  missile 
detection  sensors  were  reportedly  not  flown 
until  1976.  The  early  Vidicon  telescopes 
employed  sensor  diameters  of  0.3-0.5  m  with  4° 
fields-of-view  for  both  IR  (0. 9-2.2  mm)  wave¬ 
lengths.  Whereas  the  IR  sensors  successfully 
detected  missiles  in  flight  by  late  1 976,  the  UV 
sensors  failed  repeatedly  during  the  1976-1978 
period  and  were  then  abandoned  (Reference 
86). 

The  pre-operational  early  warning  space¬ 
craft  network  began  in  1 976  with  Kosmos  862. 
The  Lavochkin  NPO-manufactured  satellite  was 
initially  1 ,250  kg  with  a  diameter  of  2.0  m  and  a 
length  of  only  1 .7  m,  excluding  the  solar  arrays 
and  the  sensor  sun  shield  (Figure  6.9).  Four 
years  later  the  transition  to  a  full  operational 
capability  with  nine  satellites  in  evenly  spaced 
orbital  planes  was  initiated.  The  constellation 
comprised  the  first  echelon  of  the  Missile  Attack 
Warning  System  (SPRN),  which  was  operated 
by  the  Air  Defense  Forces  of  the  Ministry  of 
Defense.  According  to  Soviet  officials  the  early 
warning  satellites  could  detect  missile  launches 
within  20  seconds  of  lift-off  (References  86-91). 

Each  satellite  possessed  a  perigee  of  about 
600  km,  an  apogee  of  nearly  40,000  km,  and  an 


inclination  of  63°.  This  orbit  was  superficially 
similar  to  that  employed  by  Molniya  communi¬ 
cations  satellites  but  was  distinguished  by  its 
initial  argument  of  perigee  316-319°,  in  contrast 
to  the  Molniya  280-288°  arguments  of  perigee. 
The  seemingly  minor  difference  significantly 
affected  the  shape  of  the  satellite’s  groundtrack 
in  the  Northern  Hemisphere. 

Russian  early  warning  spacecraft  are  more 
affected  by  gravitational  perturbations  due  to 
their  higher  argument  of  perigee  and,  therefore, 
perform  periodic  station-keeping  maneuvers  to 
maintain  an  acceptable  groundtrack.  In  addi¬ 
tion,  the  argument  of  perigee  migrates  slightly 
over  time  (due  to  inclination  variations),  causing 
an  alteration  in  the  shape  of  the  groundtrack. 
Instead  of  expending  additional  propellant  to 
prevent  the  argument  of  perigee  shift,  Russian 
spacecraft  controllers  alter  the  satellite’s 
ascending  node  (Figure  6.10).  This  has  the 
effect  of  “stabilizing”  the  apogee  point  about 
which  surveillance  operations  are  performed. 

During  1993-1994  four  of  the  nine  opera¬ 
tional  spacecraft  were  replaced:  Kosmos  2232, 
Kosmos  2241,  and  Kosmos  2261  were 
launched  in  1993,  followed  by  the  solitary 
launch  of  Kosmos  2286  in  1994.  At  the  end  of 
1994  the  early  warning  constellation  appeared 
to  be  fully  functional  with  its  oldest  member 
(Kosmos  2063)  less  than  five  years  old.  An 
experimental  Oko  satellite,  Kosmos  2105,  com¬ 
pleted  its  mission  in  1993.  All  Oko  satellites 
placed  in  Molniya-type  orbits  are  launched  by 
the  Molniya-M  booster  from  the  Plesetsk  Cos¬ 
modrome. 

An  early  warning  satellite  network  located  in 
GEO  could  significantly  reduce  the  number  of 
spacecraft  necessary  for  24-hour  surveillance. 
(Molniya-orbit  spacecraft  are  typically  only  used 
for  2  hr  40  min.  during  each  12  hour  orbit.)  The 
first  USSR  prototype  GEO  early  warning  space¬ 
craft  was  actually  tested  in  1975,  but  the  first 
operational  spacecraft  did  not  appear  until  1 984 
in  the  form  of  Kosmos  1546.  Today,  3-4  space¬ 
craft  are  normally  operational  at  2-3  positions  in 
the  ITU-listed  Prognoz  series.  The  preferred 
locations  are  12°  E,  80°  E,  and  336°  E  with 
expansion  sites  at  35°  E,  130°  E,  166°  E,  and 
201°  E. 

The  first  three  GEO  early  warning  missions 
(Kosmos  1546,  1629,  and  1894)  apparently 
employed  standard  Oko  spacecraft.  The  next 
spacecraft,  Kosmos  1 940,  was  experimental  in 
nature  with  possible  nuclear  detonation  detec- 
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FIGURE  6.10  OKO  SATELLITE  GROUNDTRACK  EXTREMES. 

Crete  linear  detector  IR  array  of  PbS  material 
(References  86,  92-93). 

At  the  beginning  of  1993,  three  Russian 
GEO  eariy  warning  spacecraft  were  apparently 
operational:  Kosmos  2133,  2209,  and  2224. 
Kosmos  2133  and  2209  were  both  positioned  at 
336°  E,  but  during  June-September  1993  the 
former  was  transferred  to  80°  E.  At  the  same 
time  Kosmos  2224,  which  had  been  stationed  at 
12°  E  was  shifted  to  336°  E  beside  Kosmos 
2209.  Then,  in  late  March  -  early  April  1994, 
Kosmos  2224  was  returned  to  12°  E  before 
Kosmos  2282  was  launched  in  July  for  opera¬ 
tions  at  336°  E.  All  GEO  early  warning  sateliites 
are  launched  by  the  Proton-K  booster  from  the 
Baikonur  Cosmodrome. 

For  severai  years  the  US  and  the  Russian 
Federation  have  discussed  the  feasibiiity  of 
exchanging  sateiiite-based  early  warning  data 
or  establishing  a  joint  center  in  the  context  of  an 
international  early  warning  or  missile  defense 
system.  In  late  1 994  a  Russian  delegation  to  the 
US  proposed  a  new,  medium  aititude  constelia- 
tion  comprised  of  18  spacecraft.  Meanwhiie, 
two  joint  US-Russian  test  programs  RAMOS 


tion  sensors.  The  second-generation  eariy 
warning  satellites  debuted  under  the  Prognoz 
name  with  Kosmos  2133  in  1990.  Based  on  a 
new  bus  similar  to  Lavochkin’s  Spektr  design 
(Figure  6.1 1 ),  the  sateliite  apparentiy  carries  a  1 
m  diameter  sensor  with  a  12,000  element,  dis- 


FIGURE  6.1 1  PROGNOZ  MISSILE 
DETECTION  SPACECRAFT. 
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and  Skipper  were  underway,  although  neither 
had  been  launched  by  the  end  of  1994.  The 
RAMOS  (Russian-American  Observation  Satel¬ 
lite)  project  envisions  the  launch  of  two  low  alti¬ 
tude  (425  km)  spacecraft  equipped  with  special 
IR  sensors  designed  to  provide  simultaneous 
stereo  tracking  of  theater  missiles  and  environ¬ 
mental  phenomena  (References  94-100). 

The  Skipper  program  was  much  farther 
along  and  completed  a  Critical  Design  Review 
in  the  Spring  of  1994  but  missed  a  planned 
December,  1994,  launch  date.  The  230-kg 
spacecraft  was  to  be  built  by  the  Moscow  Avia¬ 
tion  Institute  and  launched  by  a  Molniya-M 
booster  as  a  piggyback  payload  with  the  Indian 
IRS-1  C  remote  sensing  spacecraft.  The  princi¬ 
pal  sensors,  UV  and  VUV  spectrometers  and 
photometers,  were  the  responsibility  of  the  Utah 
State  University.  From  an  initial  circular  orbit  of 
about  820  km.  Skipper  will  lower  its  perigee  in 
stages  to  120-150  km.  Data  will  be  collected 
during  atmospheric  interfaces  near  perigee  and 
finally  during  a  planned  de-orbit  over  the  Pacific 
Ocean  (References  101-104). 

6.3.4  Western  European  Union 

Closely  linked  with  its  foray  into  space- 
based  military  reconnaissance,  the  WEU  is 
evaluating  concepts  for  early  warning  satellites 
in  conjunction  with  a  potential  European  anti¬ 
missile  defense  program.  In  Rome  in  1993,  the 
Technological  and  Aerospace  committee  cited 
the  need  for  “space  monitoring  and  early  warn¬ 
ing  system  from  which  it  would  be  possible  to 
choose  an  antimissile  defense  system  for 
Europe”  (Reference  105).  No  specific  designs 
for  an  early  warning  satellite  system  have  been 
released,  and  a  decision  to  initiate  such  a  major 
program  is  not  expected  in  the  near-term. 
French  plans  for  an  early  warning  network  (Sec¬ 
tion  6.3.1)  could  be  adopted,  in  part  or  whole, 
by  the  WEU. 

6.4  SPACE  DEFENSE 

Space  defense  is  an  integral  part  of  the 
broader  concept  of  space  control,  which  asserts 
one’s  ability  to  act  freely  in  space  while  denying 
the  same  privilege  to  one’s  enemy.  Space  con¬ 
trol  is  analogous  to  air  superiority  and  sea  con¬ 
trol  in  the  terrestrial  environment.  Space 
defense  encompasses  the  active  use  of  force  in 
space  to  disable  or  destroy  the  satellites  or 
weapons  systems  of  an  adversary.  The  first 
case,  more  commonly  referred  to  as  anti-satel¬ 


lite  (ASAT)  operations,  may  be  executed  by 
another  satellite,  by  a  ballistic  missile,  or  from  a 
terrestrial-based  directed  energy  weapon 
(DEW)  facility.  A  defensive  satellite  (DSAT)  may 
be  positioned  near  high-value  national  space 
assets  to  protect  them  against  attack  by  enemy 
forces.  Space-based  weapon  platforms  may 
also  be  used  to  counter  surface-to-surface  bal¬ 
listic  missiles  or  even  to  attack  terrestrial  tar¬ 
gets.  To  date,  only  ASAT  systems  have  been 
formally  deployed. 

6.4.1  Russian  Federation 

In  1963-1964  the  Soviet  Troops  of  Air 
Defense  (PVO)  established  two  new  com¬ 
mands:  PRO  and  PKO.  PRO,  meaning  anti¬ 
missile  defense,  was  charged  with  detecting, 
intercepting,  and  destroying  enemy  ballistic 
rockets,  while  the  PKO,  meaning  anti-space 
defense,  was  responsible  for  “destroying  the 
enemy’s  cosmic  means  of  fighting"  (Reference 
106).  In  1992  the  USSR  Space  Units  which 
include  PRO  and  PKO  were  essentially  trans¬ 
ferred  to  the  CIS  United  Armed  Forces.  How¬ 
ever,  on  7  May  1992  the  armed  forces  of  the 
Russian  Federation  were  established  with  spe¬ 
cific  air  and  space  defense  missions. 

To  implement  a  space  control  regime  and  to 
fulfill  its  space  defense  obligation,  the  PKO 
began  developing  ASAT  capabilities.  Today, 
the  Russian  Federation  is  commonly  believed  to 
have  acquired  four  basic  ASAT  systems  with 
varying  degrees  of  effectiveness.  However,  the 
operational  status  of  these  systems  is  a  topic  of 
considerable  debate. 

The  principal  and  only  dedicated  ASAT  sys¬ 
tem  is  referred  to  as  the  Co-orbital  ASAT  in  ref¬ 
erence  to  its  engagement  profile.  Developed  by 
the  Kometa  TsNPO  under  Academician  Savin, 
the  Co-orbital  ASAT  is  based  on  the  Tsyklon-2 
booster  and  was  tested  20  times  in  space  dur¬ 
ing  the  period  October,  1968-June,  1982.  For 
each  test  a  dedicated  target  vehicle  was  first 
placed  into  a  low  Earth  orbit  (the  first  two  by  the 
Tsyklon-2  from  Baikonur  and  later  targets  by 
the  Kosmos-3M  from  Plesetsk).  The  Co-orbital 
ASAT  would  then  be  launched  from  Baikonur  on 
either  a  1 -revolution  or  a  2-revolution  intercept. 
The  interceptor  (Figure  6.12)  was  1,400  kg  with 
a  principal  diameter  of  1 .8  m  and  a  length  of  4.2 
m,  while  the  target  was  a  650-kg  polyhedron 
with  a  diameter  of  1 .4  m. 

The  co-orbital  plane  requirement  meant  that 
launch  opportunities  occurred  as  the  orbital 
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FIGURE  6.12  CO-ORBITAL  ANTI-SATELLITE 
VEHICLE. 

plane  of  the  target  satellite  passed  through  the 
Tyuratam  launch  site  twice  each  day.  In  prac¬ 
tice,  only  one  opportunity  per  day  was  accept¬ 
able  to  prevent  launches  toward  the  PRC.  From 
an  initial,  low-altitude  parking  orbit,  the  Co¬ 
orbital  ASAT  would  quickly  maneuver  into  a 
transfer  orbit  with  a  greater  or  lesser  orbital 
period  than  the  target  to  permit  an  intercept 
over  Europe  after  one  or  two  complete  circuits 
about  the  Earth,  i.e.,  approximately  90-200  min¬ 
utes  after  launch.  Within  minutes  of  the  actual 
attack,  the  Co-orbital  ASAT  would  maneuver  a 
final  time  to  establish  the  required  end-game 
conditions.  A  conventional  warhead  would  then 
be  detonated  to  effect  the  negation. 

The  initial  test  phase  of  the  Co-orbital  ASAT 
program  was  conducted  during  1968-1971  with 
an  assessed  five  successes  out  of  seven 
attempts.  In  all  but  one  case,  a  cloud  of  debris 
caused  by  the  breakup  of  the  Co-orbital  ASAT 
at  the  time  of  warhead  detonation  was  left  in 
LEO.  This  series  of  tests  validated  the  opera¬ 
tional  envelope  of  the  weapon  from  as  low  as 
230  km  to  a  height  of  1 ,000  km. 

Between  1976  and  1982  13  more  tests 
were  conducted,  primarily  to  perfect  a  more 
rapid  intercept  profile  and  to  evaluate  a  new 
acquisition  sensor.  Whereas  the  first  seven 
tests  had  all  required  two  revolutions,  tests  8 
and  9  attempted  single-revolution  attacks  as  did 


tests  12  and  13.  In  both  cases  the  first  attempt 
was  judged  a  failure  and  the  second  attempt  a 
success.  The  last  of  these  tests  demonstrated  a 
reach  to  an  altitude  of  nearly  1 ,600  km. 

Several  of  the  other  missions  in  the  Phase  2 
test  program  reportedly  employed  an  optical  or 
IR  sensor  for  target  acquisition  rather  than  the 
standard  radar  seeker.  All  attempts  with  the 
new  sensor  are  believed  to  have  failed.  How¬ 
ever,  a  radar-equipped  Co-orbital  ASAT  was 
flown  on  a  2-revolution  profile  in  1 977  to  prove 
that  a  target  at  an  altitude  as  low  as  159  km  in 
an  elliptical  orbit  could  be  successfully  negated. 

All  missions  after  1970  were  flown  at  incli¬ 
nations  near  65.8°  to  satisfy  range  safety 
restrictions  at  both  Plesetsk  (target)  and 
Baikonur  (Co-orbital  ASAT).  The  lack  of  testing 
for  more  than  12  years  has  raised  some  ques¬ 
tions  about  the  current  operational  status  of  the 
Co-orbital  ASAT.  The  Tsyklon-2  has  been  flown 
frequently  in  support  of  ocean  reconnaissance 
programs  and  in  August,  1989,  the  US  Secre¬ 
tary  of  Defense  claimed  “conclusive  evidence” 
existed  that  the  system  was  “in  a  constant  state 
of  readiness.”  Nearly  three  years  later  a  Rus¬ 
sian  publication  appeared  to  confirm  its  opera¬ 
tional  status  (Reference  107).  Two  launch  pads 
are  available  at  Baikonur,  each  capable  of  sup¬ 
porting  several  ASAT  missions  per  day  (Refer¬ 
ence  108).  Although  the  Co-orbital  ASAT  has 
never  been  launched  from  Plesetsk,  the 
assumed  commonalty  of  Tsyklon-2  and  Tsyk- 
lon-3  launch  pads  should  make  such  operations 
feasible. 

A  second  ASAT  capability  is  actually  older 
than  the  Co-orbital  ASAT  but  also  much  more 
limited  in  range.  Since  the  1960’s  the  USSR/ 
Russian  Federation  has  operated  a  limited  ABM 
system  around  Moscow.  Originally  employing 
the  Galosh  nuclear-tipped  interceptor  devel¬ 
oped  by  G.  V.  Kisunko’s  Design  Bureau  No.  1, 
the  system  now  possesses  the  Gazelle  and  the 
Gorgon  missiles  for  endo-  and  exo-atmospheric 
engagements,  respectively  (Reference  109). 
The  silo-launched  Gorgon  is  probably  capable 
of  intercepting  very  low  altitude  (only  a  few  hun¬ 
dred  kilometers)  satellites  which  pass  above  the 
Moscow  region.  This  substantially  limits  the 
number  of  satellites  potentially  vulnerable  to  the 
Gorgon,  which  would  be  guided  to  its  target  by 
the  new  Pill  Box  phased-array  radar  at  Push- 
kino.  Moreover,  the  use  of  a  nuclear  warhead  at 
a  low  altitude  above  Moscow  would  result  in  col¬ 
lateral  damage  due  to  the  effects  of  electromag- 


347 


netic  pulse  (EMP).  Additional  Gorgon  intercep¬ 
tors  may  be  operational  at  the  Sary  Shagan 
ABM  test  range  in  Kazakhstan  (References 
110-111). 

Whereas  the  Co-orbital  ASAT  and  the  Gor¬ 
gon  ABM  interceptor  are  limited  in  their  ability  to 
negate  only  satellites  in  LEO,  electronic  warfare 
techniques,  known  as  Radio  Electronic  Combat 
(REC)  in  the  Russian  Federation,  are  potentially 
effective  at  all  altitudes,  including  GEO.  In  the 
late  1980’s,  Russian  officials  openly  acknowl¬ 
edged  not  only  the  possibility  of  employing  REC 
against  enemy  satellites  but  also  the  country’s 
interest  and  ability  in  such  methods  (Refer¬ 
ences  112-113).  REC  is  a  basic  tenet  of  Rus¬ 
sian  terrestrial  war-fighting  doctrine,  but  its 
application  to  satellites  may  leave  the  attacker 
with  considerable  uncertainty  as  to  the  outcome 
of  the  engagement. 

From  the  1970’s,  the  USSR  was  involved  in 
an  extensive,  multi-faceted  program  to  develop 
high-powered,  ground-based  lasers  and  micro- 
wave  weapons.  The  centers  of  this  activity,  with 
potential  ASAT  applications,  were  at  Sary 
Shagan  and  at  Troitsk  near  Moscow.  At  least 
two  major  facilities  were  constructed  at  Sary 
Shagan:  one  a  0.7  pm  ruby  laser  and  one  a 
10.6  pm  pulsed  C02  laser.  Both  lasers  shared  a 
common  one-meter  diameter  beam  director. 
Although  Soviet  officials  admitted  the  facilities 
had  been  used  to  track  satellites  prior  to  1988, 
no  lethal  capability  was  said  to  exist  (Refer¬ 
ences  112-116).  A  1  MW  gas  laser  was  built  at 
Troitsk  outside  Moscow  in  the  late  1970’s  for 
military  purposes,  but  a  purported  ASAT  role 
was  not  realized  (References  117-120).  One  of 
the  principal  developers  of  both  ground-based 
and  space-based  laser  designs  was  the  Astro- 
physika  Scientific  Production  Association,  which 
was  responsible  for  the  elaborate  free-electron 
laser  (FEL)  prototype  ASAT  weapon  at  Stor- 
ozhevaya. 

The  level  of  damage  inflicted  by  a  laser  on  a 
satellite  may  range  from  hard  kill  (including  frag¬ 
mentation)  to  general  component  damage  to 
special  component  damage.  Hard  kill  normally 
requires  very  high  energy  deposition  which  is 
currently  possible  only  at  relatively  low  altitudes 
of  a  few  hundred  kilometers.  General  compo¬ 
nent  damage  may  extend  above  1 ,000  km,  and 
special  component  damage  (e.g.,  sensitive  pay- 
load  optics  or  attitude  control  sensors)  may  be 
possible  as  high  as  GEO.  However,  the  magni¬ 


tude  of  the  last  two  levels  of  damage  may  be 
difficult  to  determine  by  the  attacker,  reducing 
the  operational  utility  of  the  technique  as  an 
ASAT  weapon. 

By  moving  the  laser  platform  into  Earth  orbit 
some  difficulties  can  be  overcome,  in  particular 
atmospheric  attenuation  of  the  laser’s  energy 
can  be  eliminated.  If  the  space-based  laser 
(SBL)  is  maneuverable,  the  range  to  the  target 
can  be  reduced,  increasing  the  energy  deposi¬ 
tion  and  possibly  enhancing  the  probability  of  a 
hard  kill.  In  addition,  the  SBL  could  serve  an 
ABM  as  well  as  an  ASAT  role.  On  the  other 
hand,  SBLs  are  much  more  limited  in  the 
amount  of  lasing  medium  and  power  available 
and  are  essentially  unserviceable. 

Following  the  attempted  coup  in  the  USSR 
in  1991,  a  number  of  reports  began  to  emerge 
about  an  effort  to  deploy  SBLs  in  conjunction 
with  a  strategic  defense  program.  The  Polyus 
80-metric-ton  vehicle  carried  on  the  first 
Energiya  mission  in  1987  included  the  Skif-DM 
payload,  which  was  “intended  for  perfecting  the 
design  and  on-board  systems  of  a  future  mili¬ 
tary  space  complex  with  laser  weaponing”  (Ref¬ 
erences  121-125).  Whereas  Polyus  was  prima¬ 
rily  a  product  of  the  Salyut  Design  Bureau  and 
the  Khrunichev  Machine  Building  Plant,  SkIf-DM 
was  designed  by  the  Institute  of  Thermal  Pro¬ 
cesses,  well-known  for  its  work  with  nuclear 
energy.  Polyus/Skif-DM  failed  to  reach  orbit  due 
to  an  attitude  control  problem  and  fell  into  the 
Pacific  Ocean  after  separating  from  the 
Energiya  booster.  No  further  launches  have 
been  attempted. 

A  more  conventional  ASAT  program  was 
also  underway  in  the  late  1980’s  and  early 
1990’s.  A  specially  configured  MiG-31  was 
designed  to  carry  an  air-launched  missile 
equipped  with  a  satellite-homing,  kinetic-kill 
warhead  (Reference  126).  Very  similar  to  the 
US  F-15  air-launched  ASAT,  successfully 
tested  against  a  satellite  in  September,  1985, 
the  USSR/CIS  miniature  ASAT  would  have 
been  restricted  to  satellites  in  LEO,  but  it  would 
have  considerably  greater  flexibility  for  engag¬ 
ing  enemy  satellites  than  the  Co-orbital  ASAT. 
Perhaps  more  important  would  be  its  ability  to 
attack  with  virtually  no  warning,  unlike  the  Co¬ 
orbital  ASAT.  The  status  of  the  Russian  air- 
launched  ASAT  today  Is  unclear,  but  Russian 
officials  in  1992  indicated  that  future  space  tests 
were  possible. 
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6.5  NATIONAL  SECURITY  SUPPORT 
SYSTEMS 

To  perform  the  early  warning,  space 
defense,  and  general  space  surveillance  func¬ 
tions,  a  nation  must  regularly  calibrate  its  large 
ground-based  radars  and  update  its  upper 
atmospheric  (<2,000  km  altitude)  models.  In 
part,  these  activities  are  carried  out  with  the  aid 
of  a  variety  of  relatively  small  satellites,  often 
referred  to  as  minor  military  spacecraft.  As  the 
only  European-Asian  country  engaged  in  the 
above  functions,  the  Russian  Federation  is  also 
the  only  member  to  undertake  an  extensive  pro¬ 
gram  of  this  nature. 

6.5.1  Russian  Federation 

For  more  than  30  years  (1962-1994)  the 
USSR/CIS  orbited  on  average  five  spacecraft 
per  year  believed  to  be  associated  with  the  sup¬ 
port  of  national  security  systems.  However, 
since  1991  these  activities  have  markedly 
decreased  with  only  one  such  mission  in  each 
of  1993  and  1994.  Moreover,  unique  orbital 
operations  associated  with  some  of  these 
spacecraft  have  essentially  ceased. 

Through  the  years  a  wide  variety  of  passive 
and  active  spacecraft  have  been  launched  in 
this  program  by  Kosmos-2,  Kosmos-3M,  Tsyk- 
lon-3,  and  Zenit-2  launch  vehicles.  In  general, 
satellites  are  inserted  into  low,  nearly  circular 
orbits  (350-550  km)  or  into  moderately  eccentric 
orbits  between  200  km  and  2,600  km.  The  pri¬ 
mary  inclinations  used  have  been  50.7°,  65.8°, 
74°  and  82.9°.  The  first  inclination  has  not  been 
used  since  1987  when  the  last  space  mission 
was  flown  from  the  Kapustin  Yar  Cosmodrome. 

Specific  techniques  and  orbital  profiles 
have  evolved,  but  minor  military  satellites  have 
fallen  into  two  basic  categories:  those  which 
release  multiple  objects  during  their  missions 
and  those  which  do  not.  The  former  class  of  sat¬ 
ellites  have  been  linked  to  the  calibration  and 
testing  of  USSR/CIS  radars,  in  particular  ABM 
radars,  while  the  latter  group  probably  perform 
a  variety  of  functions,  including  atmospheric 
density  investigations  (Reference  127). 

The  two  missions  launched  in  1993-1994 
for  the  Russian  Military  Space  Forces  were  sim¬ 
ple,  2-m-diameter  spheres  inserted  into  moder¬ 
ately  elliptical  orbits  by  Kosmos-3M  boosters 
from  Plesetsk.  Kosmos  2265,  launched  in  Octo¬ 
ber,  1993,  into  an  orbit  of  291  km  by  1573  km, 
was  reportedly  a  Yug  spacecraft  with  no  exte¬ 
rior  coverings  or  appendages,  ideal  for  uniform 


optical  and  radar  reflections.  Kosmos  2292, 
launched  in  September,  1994,  into  an  orbit  of 
400  km  by  1 ,954  km,  appears  to  have  been  a 
Vektor-class  spacecraft.  Although  similar  in  size 
and  shape  to  the  Yug,  Vektor  satellites  are  cov¬ 
ered  with  solar  cells  and  carry  four  deployable 
antennas.  Seven  spacecraft  launched  since 
1974  (beginning  with  Kosmos  660)  belong  to 
the  Kosmos  2292  class,  and  all  are  still  In  orbit 
(Reference  128). 

A  total  of  20  spacecraft  with  sub-satellite 
release  capabilities,  designated  Romb,  were 
orbited  during  1980-1990  with  demonstrated 
capacities  of  8-37  sub-satellites.  These  space¬ 
craft  normally  begin  life  in  nearly  circular  orbits 
of  approximately  500  km  altitude.  The  ejection 
events  may  occur  at  anytime  and  may  involve 
only  a  few  or  many  objects,  although  almost 
always  in  even  numbers.  For  example,  Kosmos 
2053  was  launched  on  27  December  1989  and 
by  the  end  of  1992  had  released  a  total  of  37 
objects  during  nine  operations  spanning  18 
months.  The  smallest  number  released  at  one 
time  was  two  and  the  largest  number  was  eight. 
In  contrast,  Kosmos  1494  waited  five  months 
before  ejecting  its  full  complement  of  25  sub¬ 
satellites  in  a  week’s  time.  Many  of  the  sub-sat¬ 
ellites  appear  to  be  ejected  in  opposite  pairs 
from  the  parent  satellite. 

In  many  cases  the  release  of  a  batch  of  new 
sub-satellites  with  diameter  of  30  cm  is  closely 
tied  to  the  decay  of  an  earlier  set  (Reference 
129).  While  a  link  between  the  sub-satellites 
and  testing  ABM  radars  dates  back  to  at  least 
1981  (Reference  130),  an  analysis  by  G.  E. 
Perry  of  the  Kettering  Group  strongly  suggests 
that  this  is  still  a  principal  objective.  His  work 
showed  a  close  correlation  between  ejection 
events  and  immediate  passes  over  the  Moscow 
area  (Reference  131).  During  1993-1994  only 
one  ejection  event  involving  a  single  sub-satel¬ 
lite  from  Kosmos  2106  (launched  in  1990)  was 
detected,  occurring  in  early  February  1993. 

6.6  UNKNOWN  MISSION 

By  their  classified  nature,  national  security 
programs  are  often  difficult  to  assess  by  simple 
official  pronouncements  or  orbital  analyses. 
Often,  when  a  new  military  space  program  is 
introduced,  several  flights  are  required  before  a 
public  determination  of  its  probable  objective 
can  be  made.  This  situation  is  particularly  appli¬ 
cable  to  non-maneuvering  LEO  spacecraft  at 
moderate  altitudes  between  500  and  2,000  km. 
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6.6.1  Russian  Federation 

As  noted  in  Section  6.1.5,  the  Russian  Mili¬ 
tary  Forces  introduced  an  apparently  new  pho¬ 
tographic  reconnaissance  system  or  variant  in 
1994  with  the  flight  of  Kosmos  2290.  Whereas 
its  nature  was  readily  discernible  by  its  orbital 
behavior,  the  mission  of  Kosmos  2285,  which 
was  launched  three  weeks  earlier,  remained 
undefined  at  the  end  of  the  year.  Kosmos  2285 
was  launched  by  a  Kosmos-3M  booster  from 
the  Plesetsk  Cosmodrome  and  inserted  into  an 
orbit  of  974  km  by  1013  km  at  an  inclination  of 
74.0°.  This  orbital  regime  had  not  been 
employed  by  the  USSR/CIS  since  1972  when 
an  eariy  generation  navigation  satellite  system 
was  shifted  to  the  present-day  83°  inclination 
(Section  4.2.6). 

According  to  an  ITAR-TASS  news  release, 
“the  launch  had  been  successful  and  that  it  was 
carried  out  in  the  interests  of  the  Ministry  of 


Defense”  (Reference  132).  Through  early  1995 
the  spacecraft  exhibited  no  maneuverable  char¬ 
acteristics,  and  its  radar  cross-section  of  a  few 
square  meters  was  consistent  with  Parus  and 
Tsikada  class  gravity-gradient  satellites.  Also 
like  most  LEO  navigation  satellites,  no  opera¬ 
tional  debris  was  found  after  deployment  which 
might  suggest  the  reiease  of  special  sensor 
covers  or  appendages  such  as  solar  arrays  or 
antennas. 

In  addition,  no  signal  receptions  from  Kos¬ 
mos  2285  were  reported  by  the  Kettering 
Group,  thereby  preventing  a  possible  associa¬ 
tion  with  other  military  space  systems.  Visual 
observations  of  Kosmos  2285  by  Paul  Maley 
indicated  that  the  spacecraft  presented  an  opti¬ 
cal  signature  virtuaily  identical  to  Russian  LEO 
navigation  satellites.  Further  information  or 
flight  activity  wiii  be  required  before  Kosmos 
2285  can  be  better  categorized. 
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7.1  Decree  No.  4878-1  of  the  Russian  Supreme  Soviet:  “Measures  to  Stabilize  the  Situation  in  Space, 
Science,  and  Industry”  (adopted  27  April  1993) 

With  a  view  to  preserving  the  intellectual,  economic,  and  defense  potential  of  space,  science,  and  industry,  the 
Russian  Federation  Supreme  Soviet  decrees  that: 

1 .  The  Russian  Federation  shall: 

make  provision  in  the  Russian  Federation’s  draft  budgetary  system  for  the  next  fiscal  year  for  appropriations  to 
be  allocated  to  the  Russian  space  program  as  a  separate  line  item  to  be  indexed  quarterly; 

submit  to  the  Russian  Federation  Supreme  Soviet  by  1st  June  1993  the  draft  Russian  federal  space  program  for 
space  systems,  complexes,  and  means  with  scientific,  economic,  and  defense  roles; 

define  the  Russian  Space  Agency  as  the  state  customer  for  space  systems,  complexes,  and  means  with 
scientific  and  economic  roles,  and  -  in  conjunction  with  the  Russian  Federation  Ministry  of  Defense  -  for  space 
systems,  complexes,  and  means  used  for  both  civilian  and  military  purposes; 

stipulate  the  direct  allocation  to  the  Russian  Space  Agency  of  appropriations  for  research  and  development  work, 
the  purchase  and  operation  of  space  equipment,  capital  construction,  the  maintenance  of  groundbased  space 
Infrastructure  installations,  and  other  work  under  the  Russian  Federal  Space  Program  to  be  carried  out  by  the 
Russian  space  agency; 

supply  space  projects  financed  out  of  the  Russian  Federation  budget  -  specifically,  space  systems,  complexes, 
and  means  with  scientific  and  economic  roles  -  with  raw  and  other  materials,  equipment,  components,  and  other 
material  and  technical  resources  under  the  procedure  stipulated  for  state  orders  for  arms  and  military  equipment 
in  accordance  with  the  Russian  Federation  law  “On  Deliveries  of  Output  and  Goods  for  State  Needs”; 

define  a  procedure  for  promoting  the  implementation  of  space  projects  using  the  funds  of  enterprises, 
organizations,  and  citizens,  including  the  granting  to  them  of  state  guarantees,  soft  loans,  tax  concessions,  and 
other  necessary  measures; 

elaborate  a  program  of  structural  transformations  in  space  science  and  industry,  including  the  creation  of  federal 
space  centers  based  on  leading  design  bureaus  and  scientific  research  institutes  as  well  as  holding  and  joint- 
stock  companies,  taking  account  of  their  targeted  financing,  including  funding  from  conversion  funds; 

examine  the  remuneration  system  for  people  employed  in  the  space  complex,  taking  account  of  the  unified  wage 
system  and  average  pay  levels  in  the  Russian  Federation; 

elaborate  a  plan  for  the  further  utilization  of  groundbased  space  infrastructure  -  primarily  the  Plesetsk  space 
center  -  taking  account  of  the  socio-economic  aspects  of  the  development  of  the  regions  in  question; 

take  measures  to  strengthen  social  protection  for  space  center  works  and  specialists  at  enterprises  and 
organizations  engaged  in  the  testing  and  operation  of  space  equipment; 

take  the  necessary  measures  to  preserve  the  existing  science  and  production  links  In  the  sphere  of  space  activity 
in  the  CIS,  including  consultations  with  the  Republic  of  Kazakhstan  to  clarify  the  status  of  and  prospects  for  the 
further  joint  use  of  the  Baikonur  space  center; 
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elaborate  and  ensure  implementation  of  a  unified  scientific,  technical,  and  economic  policy  when  concluding  and 
executing  international  agreements  on  space  research  and  the  use  of  space,  including  commercial  space 
projects. 

2.  The  Soviet  of  the  Republic  of  the  Russian  Supreme  Soviet’s  Commission  for  Transportation,  Communications, 
Information  Technology,  and  Space,  jointly  with  the  Russian  Space  Agency,  the  Russian  Academy  of  Sciences, 
and  other  Interested  departments,  shall  prepare  proposals  for  the  creation  of  a  Russian  space  fund  as  an 
independent  organization  to  concentrate  funding  from  internal  and  external  sources  with  a  view  to  stimulating 
basic  research,  forming  financial  Insurance  reserves,  introducing  space  technology  into  the  national  economy 
and  supporting  measures  to  utilize  the  achievements  of  space  science  for  public  education  and  cultural 
purposes. 

3.  The  Russian  Federation  Supreme  Soviet  Committee  for  International  Affairs  and  Foreign  Economic  Relations, 
jointly  with  interested  chamber  standing  commissions  and  Russian  Federation  Supreme  Soviet  committees,  shall 
prepare  materials  on  international  agreements  in  the  sphere  of  space  activity  with  the  participation  of  the  Russian 
Federation  for  examination  by  the  Russian  Federation  Supreme  Soviet. 

4.  A  provisional  deputies’  group  of  representatives  from  interested  chamber  standing  commissions  and  Russian 
Federation  Supreme  Soviet  committees  shall  be  set  up  with  a  view  to  strengthening  parliamentary  control  of 
space  activity.  The  group’s  work  shall  be  organized  by  the  Soviet  of  the  Republic’s  Commission  for  Transport, 
Communications,  Information  Technology,  and  Space. 
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7.2  Decree  4879-1  of  the  Russian  Supreme  Soviet:  “On  the  Priorities  of  Russian  Federation  Space 
Policy”  (adopted  27  April  1993) 

For  over  30  years  space  science  in  our  country  has  served  the  interests  of  the  state.  Without  it,  communications  and 
television  broadcasting,  navigation  and  meteorology,  surveying  and  cartography,  and  many  other  sectors  of  the 
national  economy  would  be  inconceivable.  Space  technologies  are  something  no  progressive  power  can  do  without. 
It  is  hard  to  overestimate  the  importance  of  space  systems  in  maintaining  the  country’s  defense  capability. 

Realizing  its  responsibility  for  preserving  Russia’s  space  potential  and  the  extensive  application  of  this  potential  in 
resolving  the  pressing  problems  of  citizens  and  society  as  a  whole,  the  Russian  Federation  Supreme  Soviet 
considers  it  necessary  to  state  the  priorities  of  space  policy  that  are  to  be  enshrined  in  Russian  Federation  legislation 
and  consistently  implemented  in  the  day-to-day  practice  of  the  state  administration  of  space  activity. 

1.  Space  activity  in  the  Russian  Federation  is  to  be  implemented  with  a  view  to  ensuring  the  prosperity  of  citizens, 
the  development  of  the  Russian  Federation,  the  strengthening  of  its  security  and  also  resolving  the  global 
problems  of  humanity. 

Russian  space  science  should  ensure: 

-  the  equal  right  of  Russian  Federation  enterprises,  organizations,  and  citizens  to  participate  in  space  activity 
and  enjoy  its  results; 

-  access  to  information  about  space  activity; 

-  restriction  of  monopolies  and  the  development  of  entrepreneurial  activity; 

-  independent  expert  analysis  of  space  projects  and  programs; 

-  safety  in  space  activity,  including  the  protection  of  the  environment. 

2.  Russia’s  federal  space  program  is  being  organized  in  line  with  the  requirements  and  economic  resources  of 
society  and  the  state. 

National  economic  space  projects  should  be  designed  to  tackle  tasks  with  the  greatest  socio-economic  impact, 
primarily  in  the  development  of  networks  for  receiving,  processing  and  transmitting  information,  communications, 
television  broadcasting,  environmental  monitoring,  and  studying  natural  resources. 

Work  of  an  exploratory  nature  enabling  fundamentally  new  tasks  to  be  set  and  tackled,  and  also  applied  work 
commissioned  by  specific  consumers,  should  be  given  priority  in  scientific  space  research. 

Space  activity  for  military  purposes  should  be  concentrated  primarily  on  the  use  of  space  systems  for  military 
command  and  control,  communications,  intelligence,  and  other  types  of  support  for  the  armed  forces. 

3.  Structural  transformations  in  space  science  are  to  be  implemented  taking  into  account  the  specific  features  of 
space  science  and  industry  and  are  to  include  the  flotation  and  privatization  of  profitable  production  facilities.  At 
the  same  time,  unique  testing  equipment,  and  also  space  infrastructure  installations  with  state  significance, 
should  remain  within  state  ownership  and  be  made  available  for  use  by  interested  enterprises  and  organizations. 
During  the  economic  reforms,  It  is  extremely  important  not  to  forfeit  the  intellectual  property  of  enterprises, 
organizations,  and  citizens  taking  part  in  space  hardware  and  space  technology  developments. 
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The  specific  features  of  space  activity  -  the  intermingling  of  science  and  production,  the  protracted  investment 
cycle  and  high  degree  of  commercial  risk,  the  difficulty  of  obtaining  a  direct  return  on  invested  capital,  and  the 
close  link  between  domestic  and  foreign  capital  -  require  special  economic  approaches.  Taking  world  experience 
into  account,  it  is  necessary  to  formulate  a  special  system  for  granting  loans  to,  levying  taxes  on,  and  offering 
state  guarantees  to  enterprises  and  organizations  working  on  space  projects. 

Strengthening  Russia’s  positions  In  the  world  space  market  presupposes  attracting  foreign  investment  backed  up 
by  appropriate  state  guarantees,  and  also  guarantees  employing  funds  from  the  Russian  enterprises  and 
organizations  concerned. 

4.  The  Russian  Federation  Supreme  Soviet  favors  cooperation  in  opening  up  space  with  CIS  member  countries  and 
the  preservation  and  development  of  established  scientific  and  production  ties.  Further  steps  must  be  taken  to 
implement  the  Minsk  agreement  on  joint  action  to  study  and  exploit  space,  primarily  as  regards  mechanisms  for 
adopting  mutually  advantageous  interstate  space  projects  and  their  shared  financing  by  the  states,  enterprises, 
and  organizations  concerned. 

5.  In  issues  of  international  relations  connected  with  space  activity,  state  policy  Is  designed  to  support  domestic 
enterprises  and  organizations,  deepen  international  cooperation  and  integration  in  opening  up  space  on  a 
mutually  advantageous  basis,  and  ensure  the  fulfillment  of  Russia’s  obligations  under  international  agreements. 
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7.3  Decree  No.  5663-1  of  the  Russian  House  of  Soviets:  “Russian  Federation  Law  on  Space”  (adopted 
20  August  1993) 

The  mastery  of  space,  whose  beginning  was  laid  in  Russia,  Is  affording  new  prospects  for  world  civilization.  In  the 

Russian  Federation  the  exploration  and  use  of  space,  including  the  moon  and  other  celestial  bodies,  are  some  of  the 

most  important  directions  in  activity  in  the  interests  of  citizens,  society,  and  the  state. 

This  law  is  directed  to  ensuring  the  juridical  regulation  of  space  activity  and  stimulates  the  application  of  the  potential 

of  space  science  and  industry  for  solving  socioeconomic,  scientific-technical,  and  defense  problems  of  the  Russian 

Federation. 

Section  I.  General  Principles 

Article  1 .  Legislation  of  the  Russian  Federation  on  Space  Activity 

1.  This  law  establishes  the  juridical  and  organizational  principles  of  space  activity  under  the  jurisdiction  of  the 
Russian  Federation. 

2.  Space  activity  under  the  jurisdiction  of  the  Russian  Federation  also  is  regulated  by  other  legislative  and  other 
norm-setting  actions  of  the  Russian  Federation  published  in  accordance  with  the  Constitution  of  the  Russian 
Federation  and  this  Law. 

Article  2.  Space  Activity  Concept 

1 .  For  the  purposes  of  this  law  the  term  “space  activity”  means  any  activity  associated  with  the  direct  performance 
of  work  on  the  exploration  and  use  of  space,  including  the  moon  and  other  celestial  bodies. 

Space  activity  includes:  scientific  space  research;  space  communication,  including  television  and  radio 
broadcasting  using  satellite  systems;  remote  sensing  of  the  Earth  from  space,  including  ecological  monitoring 
and  meteorology;  use  of  satellite  navigational  and  topogeodetic  systems;  manned  space  flights;  production  of 
materials  and  other  products  in  space;  other  types  of  activity  carried  out  using  space  technology. 

2.  Space  activity  includes  the  creation  (including  the  development,  fabrication,  testing),  as  well  as  the  use  and 
transfer  of  space  equipment,  space  technologies,  other  products  and  services  necessary  for  implementing 
space  activity. 

Article  3.  Objectives  and  Tasks  of  Space  Activity 

1.  Space  activity  is  carried  out  for  the  purpose  of  enhancing  the  well-being  of  the  citizens  of  the  Russian 
Federation,  the  further  development  of  the  Russian  Federation  and  ensuring  its  safety,  and  also  for  the  purpose 
of  solving  the  global  problems  of  mankind. 

2.  The  principal  tasks  of  space  activity  under  the  jurisdiction  of  the  Russian  Federation  are:  ensuring  access  to 
space;  study  of  the  Earth  and  space;  development  of  science,  equipment,  and  technologies  favoring  an  increase 
in  economic  efficiency;  ensuring  the  defense  capability  of  the  Russian  Federation  and  monitoring  compliance 
with  international  agreements  relating  to  armaments  and  armed  forces. 
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Article  4.  Space  Activity  Principles 

1 .  Space  activity  is  carried  out  in  conformity  to  the  following  principles:  an  equal  right  of  organizations  and  citizens 
of  the  Russian  Federation  to  participation  in  space  activity;  accessibility  to  information  on  space  activity;  use  of 
the  results  of  space  activity  in  the  interests  of  users  with  adherence  to  the  rights  of  organizations  and  citizens 
participating  in  space  activity;  introduction  of  the  advances  in  space  science  and  equipment  in  the  economy; 
restriction  of  monopolistic  activity  and  development  of  entrepreneurial  activity;  Independence  of  expert 
evaluation  relative  to  space  activity  matters;  assurance  of  safety  in  space  activity,  Including  safeguarding  of  the 
environment;  participation  In  international  cooperation  In  the  space  activity  field;  International  responsibility  of  the 
state  for  space  activity  carried  out  under  its  jurisdiction. 

2.  For  the  purpose  of  ensuring  strategic  and  ecological  safety  In  the  Russian  Federation  the  following  are 
forbidden:  putting  into  an  orbit  around  the  Earth  or  placement  in  space  by  any  means  whatsoever  of  nuclear 
weapons  and  any  other  forms  of  weapons  of  mass  destruction;  tests  of  nuclear  weapons  and  any  other  types  of 
weapons  of  mass  destruction  in  space;  use  of  space  objects  and  other  space  equipment  as  means  for  modifying 
the  environment  for  military  or  other  hostile  purposes;  intentional  creation  of  a  direct  threat  for  the  safety  of 
space  activity,  including  for  the  safety  of  space  objects;  harmful  pollution  of  space,  leading  to  unfavorable 
environmental  changes,  including  intentional  destruction  of  space  objects  in  space. 

Any  other  space  activity  under  the  jurisdiction  of  the  Russian  Federation  banned  by  international  agreements  of 
the  Russian  Federation  also  is  forbidden. 

3.  Space  activity,  as  well  as  the  dissemination  of  information  on  space  activity,  are  accomplished  with  adherence 
to  the  requirements  on  protection  of  the  rights  of  intellectual  property,  state,  including  military,  and  commercial 
secrets  established  by  legislation  of  the  Russian  Federation. 

4.  General  information  on  space  activity  not  falling  under  the  provisions  of  point  3  of  this  article,  including 
information  on:  plans  for  launchings  of  space  objects  and  changes  in  these  plans;  space  projects  and  the  course 
of  their  implementation;  budget  appropriations  for  space  activity;  incidents  and  occurrences  during  the 
implementation  of  space  activity,  and  on  losses  sustained  in  such  occurrences,  are  disseminated  without 
restrictions. 

Section  II.  Organization  of  Space  Activity 

Article  5.  Competence  of  State  Governmental  and  Administrative  Bodies 

1.  In  the  Russian  Federation  space  activity  is  under  the  management  of  federal  state  governmental  and 
administrative  bodies 

2.  The  Supreme  Soviet  of  the  Russian  Federation  determines  the  space  policy  of  the  Russian  Federation 
including:  it  receives  legislative  bills  regulating  space  activity;  it  receives  the  Federal  Space  Program  of  Russia; 
it  oversees  implementation  of  the  Federal  Space  Program  of  Russia  and  the  expenditure  of  state  resources 
allocated  for  space  activity;  it  ratifies  international  agreements  of  the  Russian  Federation  on  space  activity 
matters;  it  solves,  within  the  limits  of  Its  competence,  other  problems  arising  in  the  implementation  of  space 
activity. 

3.  The  President  of  the  Russian  Federation  is  responsible  for  implementation  of  the  space  policy  of  the  Russian 
Federation,  Including:  he  issues  decrees  and  orders  necessary  for  the  implementation  of  space  activity;  he 
directs  the  activity  of  the  Council  of  Ministers  -  the  Government  of  the  Russian  Federation  -  in  Implementation  of 
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the  Federal  Space  Program  of  Russia  and  other  matters  related  to  the  performance  of  space  activity;  he  solves, 
within  the  limits  of  his  competence,  other  problems  arising  in  the  implementation  of  space  activity. 

4.  The  Council  of  Ministers  -  the  Government  of  the  Russian  Federation  -  ensures  direction  of  space  activity, 
including:  it  issues  decrees  and  orders  necessary  for  the  implementation  of  space  activity;  It  examines  the  draft 
of  the  Federal  Space  Program  of  Russia  presented  by  the  Russian  Space  Agency,  Ministry  of  Defense  of  the 
Russian  Federation,  Russian  Academy  of  Sciences  and  other  state  placers  of  orders  for  work  on  developing  and 
using  space  technology;  it  presents  to  the  Supreme  Soviet  of  the  Russian  Federation  a  draft  of  the  Federal 
Space  Program  of  Russia  and  proposals  on  the  financing  of  space  activity;  it  approves  the  Regulations  for  the 
Russian  Space  Agency;  it  implements  measures  for  protecting  the  interests  of  the  Russian  Federation,  as  well 
as  Russian  organizations  and  citizens  in  the  space  activity  field;  it  solves,  within  the  limits  of  its  competence, 
other  problems  arising  in  the  implementation  of  space  activity. 

5.  The  republics  forming  part  of  the  Russian  Federation,  autonomous  oblast,  autonomous  okrugs,  krays,  and 
oblasts,  the  cities  of  Moscow  and  St.  Petersburg  participate  with  full  equal  rights  in  the  regulation  of  space 
activity  within  the  framework  provided  for  by  this  Law. 

Article  6.  Russian  Space  Agency 

1 .  The  Russian  Space  Agency  is  the  body  of  the  federal  executive  authority  responsible  for  the  implementation  of 
space  activity  for  scientific  and  economic  purposes. 

2.  The  Russian  Space  Agency  within  the  limits  of  its  competence:  works  out  a  draft  of  the  Federal  Space  Program 
of  Russia  in  collaboration  with  the  Ministry  of  Defense  of  the  Russian  Federation,  Russian  Academy  of  Sciences 
and  other  placers  of  orders  for  work  on  the  development  and  use  of  space  equipment;  draws  up  and  places 
state  orders  for  work  on  developing  and  using  space  equipment  for  scientific  and  economic  purposes,  including 
for  work  on  international  space  projects;  participates  jointly  with  the  Ministry  of  Defense  of  the  Russian 
Federation  in  the  placement  of  state  orders  for  work  on  the  development  and  use  of  space  equipment  employed 
for  both  scientific  and  economic  purposes  and  for  the  purposes  of  defense  and  safety  of  the  Russian 
Federation;  for  scientific  and  economic  purposes  ensures,  in  collaboration  with  the  Ministry  of  Defense  of  the 
Russian  Federation  and  other  ministries  and  departments  of  the  Russian  Federation,  operation,  maintenance 
and  development  of  surface  and  other  facilities  of  the  space  infrastructure;  issues  licenses  for  different  types  of 
space  activity;  organizes  certification  of  space  equipment;  supplies  space  activity  with  the  necessary 
norm-setting  and  technical  documentation;  in  collaboration  with  the  appropriate  state  services  ensures  the 
safety  of  space  activity;  interacts  with  organizations  and  bodies  in  foreign  states,  as  well  as  with  international 
organizations,  on  matters  related  to  space  activity  and  concludes  corresponding  international  agreements; 
performs  other  functions  specified  by  the  Council  of  Ministers  -  the  Government  of  the  Russian  Federation 

3.  In  order  to  implement  its  functions,  taking  into  account  the  Interests  of  the  subjects  of  the  Russian  Federation 
with  respect  to  the  use  of  the  results  of  space  activity,  the  Russian  Space  Agency  can  establish  its  territorial 
bodies. 

Article  7.  Space  Activity  for  Purpose  of  Defense  and  Safety  of  Russian  Federation 

1 .  Space  activity  for  the  purposes  of  defense  and  safety  of  the  Russian  Federation  is  carried  out  by  the  Ministry  of 
Defense  of  the  Russian  Federation,  responsible  for  carrying  out  an  anticipatory  program  and  annual  plans  for 
work  on  developing  and  using  military  space  equipment,  in  collaboration  with  other  ministries  and  departments 
of  the  Russian  Federation. 
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2.  The  Ministry  of  Defense  of  the  Russian  Federation  within  the  limits  of  its  competence:  draws  up  drafts  of  an 
anticipatory  program  and  annual  plans  for  work  on  developing  and  using  military  space  equipment,  and  also  in 
collaboration  with  the  Russian  Space  Agency  -  space  equipment  used  for  both  scientific  and  economic  purposes 
and  for  the  purposes  of  defense  and  safety  of  the  Russian  Federation;  prepares  and  places  state  orders  for 
work  on  developing  and  using  military  space  equipment,  and  also  in  collaboration  with  the  Russian  Space 
Agency  -  space  equipment  used  for  both  scientific  and  economic  purposes,  as  well  as  for  the  purposes  of 
defense  and  safety  of  the  Russian  Federation;  Implements  the  use  of  space  technology  for  the  purposes  of 
defense  and  safety  of  the  Russian  Federation;  implements  operation  of  space  equipment  for  scientific  and 
economic  purposes  on  a  contractual  basis;  in  collaboration  with  the  Russian  Space  Agency  and  other  ministries 
and  departments  of  the  Russian  Federation  ensures  maintenance  and  further  development  of  surface  and  other 
facilities  of  the  space  infrastructure;  supplies  space  activity  with  the  necessary  norm-setting  and  technical 
documentation;  participates  in  the  certification  of  space  technology  on  a  contractual  basis;  ensures,  in 
collaboration  with  the  appropriate  state  sen/ices,  safety  in  space  activity;  performs  other  functions  assigned  by 
the  Council  of  Ministers  -  the  Government  of  the  Russian  Federation. 

3.  The  Ministry  of  Defense  of  the  Russian  Federation  in  cases  directly  provided  for  by  legislation  of  the  Russian 
Federation,  has  the  right  to  mobilize  any  facilities  of  the  space  infrastructure,  including  space  technology. 

4.  The  Ministry  of  Defense  of  the  Russian  Federation  has  the  right  to  transfer  temporarily  unused  facilities  of  the 
space  infrastructure  under  its  control  to  the  Russian  Space  Agency  on  a  contractual  basis  for  use  in  carrying  out 
space  activity  for  scientific  and  economic  purposes. 

Article  8.  Federal  Space  Program  of  Russia 

1.  The  Federal  Space  Program  of  Russia  is  a  document  on  whose  basis  state  orders  are  prepared  for  the 
development  and  use  of  space  equipment  for  scientific  and  economic  purposes.  The  procedures  for  interaction 
between  the  Russian  Space  Agency  and  the  Ministry  of  Defense  of  the  Russian  Federation  in  working  out  and 
collating  the  Federal  Space  Program  of  Russia  and  the  long-term  program  and  annual  work  plans  for  developing 
and  using  military  space  equipment  is  defined  by  legislation  of  the  Russian  Federation. 

2.  The  Federal  Space  Program  of  Russia  is  drawn  up  with  allowance  for:  established  goals,  tasks  and  principles  of 
space  activity;  interests  of  subjects  of  the  Russian  Federation;  economic  situation  in  the  country;  status  of  space 
science  and  industry;  need  for  multisided  development  of  the  space  and  surface  segments  of  the  space 
infrastructure;  interests  of  users  and  producers  of  space  equipment  and  space  technologies;  status  and 
tendencies  in  development  of  cosmonautics;  competitive  situation  in  the  world  space  market;  adopted 
international  obligations  of  the  Russian  Federation  and  the  tasks  Involved  in  the  broadening  of  international 
cooperation. 

3.  The  Federal  Space  Program  of  Russia  is  worked  out  in  accordance  with  the  results  of  competitions  among  the 
space  projects  presented  by  the  interested  ministries  and  departments  of  the  Russian  Federation,  organizations, 
and  citizens. 

The  procedures  and  conditions  for  carrying  out  competitions  among  space  projects  proposed  for  scientific  and 
economic  purposes  are  determined  by  the  Russian  Space  Agency  with  the  participation  of  the  Russian 
Academy  of  Sciences  and  other  placers  of  orders  for  developing  and  using  space  equipment. 

4.  General  information  on  the  Federal  Space  Program  of  Russia  and  an  annual  report  on  the  course  of  Its 
implementation  are  published  in  the  press. 
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Article  9.  Licensing  of  Space  Activity 

1 .  This  Law  establishes  the  permissive  (licensing)  procedures  for  implementation  of  space  activity  for  scientific  and 
economic  purposes. 

2.  Licensing  is  required  for  space  activity  of  organizations  and  citizens  of  the  Russian  Federation  or  the  space 
activity  of  foreign  organizations  and  citizens  under  the  jurisdiction  of  the  Russian  Federation  If  such  activity 
includes  testing,  manufacture,  storage,  preparation  for  launching,  and  launching  of  space  objects  and  also  the 
control  of  space  flights. 

3.  The  types,  forms,  and  times  of  validity  of  licenses,  conditions,  and  procedures  for  their  issuance,  denial  of  their 
issuance,  suspension  or  termination  of  their  validity,  and  also  other  licensing  problems,  are  regulated  by 
legislation  of  the  Russian  Federation. 

4.  The  implementation  of  space  activity  by  an  organization  or  citizen  without  a  license  or  with  intentional  violation  of 
the  licensing  conditions  is  answerable  for,  as  provided  for  by  legislation  of  the  Russian  Federation. 

5.  The  actions  of  state  bodies  with  respect  to  the  licensing  of  space  activity  can  be  appealed  to  a  court  or  an 
arbitration  tribunal. 

Article  10.  Certification  of  Space  Equipment 

1.  Space  equipment,  including  space  objects,  surface  and  other  facilities  of  the  space  infrastructure  developed  for 
scientific  and  economic  purposes,  must  be  checked  for  correspondence  to  the  requirements  established  by 
legislation  of  the  Russian  Federation  (certifications).  Certifications  also  may  be  required  for  the  equipment 
employed  in  the  development  and  use  of  space  equipment. 

2.  A  certificate  is  issued  for  each  item  of  space  equipment  upon  completion  of  the  certification  procedure.  The 
types,  forms,  and  times  of  validity  of  the  certificates,  conditions,  and  procedures  for  their  issuance,  denial  of  their 
issuance,  suspension  or  termination  of  their  validity,  as  well  as  other  certification  matters,  are  regulated  by 
legislation  of  the  Russian  Federation. 

3.  The  certification  bodies,  manufacturers  of  space  equipment,  and  corresponding  responsible  parties  guilty  of 
violating  the  rules  for  the  certification  of  space  activity  bear  the  accountability  established  by  legislation  of  the 
Russian  Federation. 

Article  1 1 .  Expert  Evaluation  of  Space  Activity  Matters 

1 .  Decisions  on  the  following  matters  related  to  the  implementation  of  space  activity  are  made  on  the  basis  of 
expert  evaluations:  inclusion  of  the  project  in  the  Federal  Space  Program  of  Russia;  adoption  of  the  Federal 
Space  Program  of  Russia;  issuance  of  licenses  for  the  Implementation  of  space  activity;  issuance  of  certificates 
for  space  equipment,  and  also  for  equipment  employed  in  developing  and  using  space  equipment;  assignment 
of  space  equipment  and  space  technologies  to  the  category  of  products  whose  export  is  forbidden  or  restricted; 
drawing  conclusions  concerning  the  results  of  competitions  among  space  projects;  determination  of  the  reasons 
for  incidents  occurring  during  the  implementation  of  space  activity;  action  on  other  matters  determined  by  the 
Council  of  Ministers  >  the  Government  of  the  Russian  Federation. 

2.  In  order  to  make  an  expert  evaluation  the  Supreme  Soviet  of  the  Russian  Federation,  the  Council  of  Ministers  - 
the  Government  of  the  Russian  Federation,  Russian  Space  Agency  or  other  body  making  a  decision  on  matters 
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related  to  the  implementation  of  space  activity  organizes  expert  commissions  of  specialists  disinterested  in  the 
results  of  the  expert  evaluation. 

3.  The  procedures  for  organization  and  work  of  the  expert  commissions  are  defined  by  legislation  of  the  Russian 
Federation. 

4.  The  conclusion  drawn  by  an  expert  commission  has  no  mandatory  force  for  a  body  making  a  decision  on 
matters  related  to  the  implementation  of  space  activity.  The  responsibility  for  such  a  decision,  including  for  a 
decision  not  consistent  with  the  conclusion  of  the  expert  commission,  is  borne  by  the  director  of  the  body  making 
the  decision.  The  members  of  the  expert  commission  bear  responsibility  for  the  correctness  and  soundness  of 
their  conclusions. 

Section  III.  Economic  Conditions  for  Space  Activity 

Article  12.  Financing  of  Space  Activity  and  Foreign  Investments 

1 .  The  financing  of  space  activity  for  scientific  and  economic  purposes  from  the  resources  of  the  republic  budget  of 
the  Russian  Federation  is  accomplished  on  the  basis  of  the  Federal  Space  Program  of  Russia  and  Is  taken  into 
account  in  the  republic  budget  of  the  Russian  Federation  as  an  individual  item.  The  financing  of  space  activity 
for  the  purpose  of  the  defense  and  safety  of  the  Russian  Federation  is  provided  for  in  the  republic  budget  of  the 
Russian  Federation  in  the  expenditures  for  defense. 

2.  The  financing  of  space  activity  from  the  resources  of  the  republic  budget  of  the  Russian  Federation  is 
accomplished  purposefully  through  the  state  placers  of  orders  for  work  for  developing  and  use  of  space 
equipment  and  is  distributed  among  those  performing  work  In  accordance  with  state  contracts.  A  state  placer  of 
an  order  and  the  performer  of  the  work  have  the  right  to  draw  upon  nonbudgeted  sources  of  financing,  including 
their  own  resources,  if  this  does  not  contradict  the  purposes  of  the  space  project. 

3.  Organizations  and  citizens  participating  in  the  implementation  of  space  projects  under  the  established 
procedures  may  be  afforded  state  guarantees,  preferred  credits,  tax  and  other  necessary  financial  incentives. 

4.  Foreign  Investments  in  space  activity  associated  with  implementation  of  the  Federal  Space  Program  of  Russia 
can  be  guaranteed  by  the  resources  in  the  budget  of  the  Russian  Federation,  property  or  other  belongings  of  the 
Russian  Federation.  Foreign  investments  in  the  space  activity  of  organizations  and  citizens  of  the  Russian 
Federation  can  be  guaranteed  by  their  own  resources  or  by  intellectual  or  other  property. 

Article  13.  Russian  Space  Fund 

1 .  The  Russian  Space  Fund  is  established  for  supporting  and  further  development  of  space  science  and  industry. 

2.  The  resources  of  the  Russian  Space  Fund  are  formed  from  the  following  sources:  appropriations  from  the 
republic  budget  of  the  Russian  Federation  allocated  purposefully  as  part  of  the  resources  for  the  Federal  Space 
Program  of  Russia;  nonbudgeted  funds  formed  by  state  placers  of  orders  for  work  on  the  development  and  use 
of  space  technology  for  scientific  and  economic  purposes;  part  of  the  profit  received  by  organizations  and 
citizens  due  to  the  financial  incentives  afforded  them  with  respect  to  taxation  when  Implementing  space  activity; 
profit  received  In  the  course  of  Implementation  of  space  projects  financed  by  the  Russian  Space  Fund; 
insurance  payments  made  by  organizations  and  citizens  engaged  in  space  activity  by  way  of  mandatory  or 
voluntary  Insurance;  voluntary  contributions  of  Russian  and  foreign  organizations  and  citizens.  The  procedures 
for  forming  and  use  of  the  resources  of  the  Russian  Space  Fund  are  defined  by  the  Regulations  of  the  Russian 
Space  Fund. 
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3.  The  resources  of  the  Russian  Space  Fund  are  directed  to  the  financing  of  the  Federal  Space  Program  of  Russia 
by  agreement  with  the  Russian  Space  Agency  and  others  placing  orders  for  work  on  development  and  use  of 
space  equipment,  for  the  support  of  innovative  and  conversion  space  projects,  and  measures  for  use  of  the 
results  of  space  activity,  including  for  the  purposes  of  development  of  science,  education,  and  culture.  The 
priority  in  the  distribution  of  the  resources  of  the  Russian  Space  Fund  is  for  work  of  a  research  character  making 
it  possible  to  solve  fundamentally  new  problems,  as  well  as  projects  with  a  high  economic,  social  and  other 
effectiveness.  The  resources  of  the  Russian  Space  Fund  also  are  used  in  insuring  the  risks  associated  with 
space  activity  and  elimination  of  the  consequences  of  incidents  occurring  during  the  impiementation  of  such 
activity. 

4.  The  Russian  Space  Fund  operates  on  the  basis  of  regulations  approved  by  the  Council  of  Ministers  -  the 
Government  of  the  Russian  Federation  -  by  agreement  with  the  Supreme  Soviet  of  the  Russian  Federation 

Article  14.  Development  of  Space  Equipment 

1 .  A  state  order  for  the  development  of  space  equipment  is  prepared  and  placed  on  the  basis  of  the  Federal  Space 
Program  of  Russia,  the  long-term  program,  and  annual  plans  for  work  on  developing  and  using  military  space 
equipment. 

2.  Work  under  a  state  order  is  carried  out  in  accordance  with  the  technical  specifications  approved  by  the  state 
placer  of  the  order,  which  is  the  basis  for  concluding  a  state  contract  between  the  state  placer  of  the  order  and 
the  performer  of  the  work.  The  performer  of  the  work  under  a  state  order  bears  the  responsibility  for  meeting  the 
requirements  of  the  technical  specifications  issued  by  the  state  placer  of  the  order,  including  for  satisfying  the 
requirements  of  the  technical  specifications  with  their  coperformers,  relative  to  whom  it  performs  the  functions  of 
the  state  placer  of  the  order.  The  performer  of  work  under  a  state  order  is  obliged  to  exert  primary  supervision 
In  all  stages  of  development  and  use  of  space  equipment  on  a  contractual  basis. 

3.  The  rights  of  ownership  to  space  equipment  pass  to  the  placer  of  the  order  from  the  moment  of  signing  of  the 
document  certifying  delivery  and  acceptance  of  the  work  unless  otherwise  stipulated  In  the  corresponding 
contract.  The  rights  of  organizations  and  citizens  participating  in  the  development  of  space  equipment,  with 
respect  to  subsequent  use  of  such  equipment,  are  defined  in  contracts  concluded  between  these  organizations 
and  citizens  and  those  placing  the  work  orders. 

4.  An  organization  with  the  participation  of  foreign  capital  may  be  the  performer  of  work  under  a  state  order  if  the 
fraction  of  foreign  capital  in  its  fund  account  does  not  exceed  49  percent.  The  performer  of  work  under  a  state 
order  has  the  right  to  bring  in  foreign  organizations  and  foreign  citizens  as  coperformers  and  bears  responsibility 
for  their  performance  of  their  obligations. 

Article  15.  Use  and  Transfer  of  Space  Equipment 

1.  Space  equipment  can  be  used  as  intended  after  it  is  put  into  operation.  The  procedures  for  use  of  space 
equipment  for  the  purposes  of  tests  and  putting  it  into  operation  are  defined  by  legislation  of  the  Russian 
Federation. 

2.  Space  equipment  is  operated  by  the  owner  of  such  equipment  or  other  organizations  and  citizens  by  contract 
with  the  owner. 

3.  The  components  of  space  equipment  may  belong  to  several  organizations  and  citizens  if  this  does  not  violate 
the  technological  rules  of  functioning  of  such  equipment.  The  procedures  for  operation  of  space  equipment, 
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whose  components  belong  to  several  organizations  and  citizens,  Is  defined  by  contracts  among  these 
organizations  and  citizens. 

4.  An  organization  operating  space  equipment,  being  federally  owned,  on  a  contractual  basis  ensures  the 
possibility  of  use  of  such  equipment  by  any  interested  organizations  and  citizens.  When  concluding  a  contract 
for  the  use  of  space  equipment  which  is  federally  owned  preference  is  given  to  projects  under  the  Federal 
Space  Program  of  Russia  and  also  to  organizations  and  citizens  of  the  Russian  Federation  proposing  the  most 
advantageous  conditions  for  such  use. 

5.  Space  equipment  taken  out  of  operation  can  be  conveyed  to  organizations  whose  principal  activity  is  directed  to 
the  use  of  the  results  of  space  activity  for  the  purposes  of  education  and  culture.  Such  equipment  also  can  be 
used  by  organizations  or  citizens  on  a  contractual  basis. 

Article  16.  Use  of  Space  Technologies  and  Results  of  Space  Activity 

1 .  Space  equipment  is  used  and  transferred  with  allowance  for  the  rights  of  intellectual  property,  safeguarded  by 
legislation  of  the  Russian  Federation. 

2.  The  performance  of  work  on  development  of  space  technology,  including  under  a  government  order,  does  not 
oblige  the  performer  to  convey  technologies  to  the  placer  of  the  order  if  it  is  not  provided  for  in  the  contract 
between  the  placer  of  the  order  and  the  performer. 

3.  The  procedures  and  conditions  for  use  of  the  space  technologies  developed  when  performing  work  on 
development  and  use  of  space  equipment,  whose  juridical  protection  is  not  provided  for  in  legislation  of  the 
Russian  Federation,  is  defined  on  the  basis  of  contracts  between  interested  organizations  and  citizens. 

4.  The  rights  of  ownership  to  a  material  product  created  in  space  belong  to  the  organizations  and  citizens  having 
property  rights  to  the  components  of  the  space  equipment  with  whose  use  this  product  was  developed  unless 
otherwise  provided  for  by  the  corresponding  contracts.  The  rights  of  ownership  to  an  information  product 
developed  as  a  result  of  space  activity  belong  to  the  organizations  and  citizens  creating  such  an  information 
product  unless  otherwise  provided  for  in  the  corresponding  contracts.  The  property  rights  of  other  organizations 
and  citizens  participating  in  space  activity,  including  by  rendering  transportation  and  other  services,  are  defined 
by  the  corresponding  contracts. 

Section  IV.  Space  Infrastructure 

Article  1 7.  Space  Objects 

1 .  The  space  objects  of  the  Russian  Federation  must  be  registered  and  must  have  markings  attesting  that  they 
belong  to  the  Russian  Federation. 

2.  The  Russian  Federation  retains  jurisdiction  and  control  over  the  space  objects  registered  in  it  while  these 
objects  are  on  the  Earth,  in  any  stage  of  spaceflight  or  presence  in  space,  on  celestial  bodies,  as  well  as  after 
return  to  the  Earth  beyond  the  jurisdiction  of  any  state. 

3.  The  rights  of  ownership  to  space  objects  remain  unaffected  during  the  presence  of  these  objects  on  the  Earth, 
as  well  as  in  any  stage  of  spaceflight  or  presence  in  space,  on  celestial  bodies,  and  also  after  return  to  the  Earth 
If  not  provided  otherwise  by  international  agreements  of  the  Russian  Federation. 
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4.  tf  a  space  object  is  constructed  by  Russian  organizations  and  citizens  jointly  with  foreign  states,  organizations 
and  citizens,  or  international  organizations  the  matters  relating  to  the  registry  of  such  an  object,  jurisdiction  and 
control  over  it,  as  well  as  the  matter  of  rights  of  ownership  of  such  a  space  object,  are  solved  on  the  basis  of 
appropriate  international  agreements. 

5.  The  rights  of  jurisdiction  and  control  of  space  objects,  as  well  as  the  ownership  rights  to  such  an  object,  do  not 
affect  the  juridical  status  of  the  zone  (sector)  of  space,  surface  or  deep  layers  of  a  celestial  body  occupied  by  it. 
Rules  mandatory  for  Russian  and  foreign  organizations  and  citizens  may  be  established  for  the  immediate 
neighborhood  of  a  space  object  of  the  Russian  Federation  within  the  limits  of  the  minimum  necessary  zone  for 
ensuring  the  safety  of  space  activity. 

Article  18.  Surface  and  Other  Space  Infrastructure  Facilities 

1.  The  surface  and  other  space  infrastructure  facilities  of  the  Russian  Federation  include:  cosmodromes;  launch 
pads  and  launch  apparatus;  command-measuring  complexes;  space  object  flight  control  centers  and  points; 
stations  for  the  reception,  storage,  and  processing  of  data;  bases  for  the  storage  of  space  equipment;  landing 
regions  for  separated  parts  of  space  objects;  special  sites  for  the  landing  of  space  objects  and  takeoff-landing 
strips;  facilities  of  an  experimental  base  for  final  testing  of  space  equipment;  centers  and  equipment  for  the 
training  of  cosmonauts;  other  surface  structures  and  equipment  used  in  implementing  space  activity.  The 
surface  and  other  space  infrastructure  facilities,  including  mobile  facilities,  are  such  to  that  degree  to  which  they 
are  used  for  supporting  or  implementing  space  activity. 

2.  Surface  and  other  space  infrastructure  facilities,  being  of  federal  ownership,  are  under  the  management  of  the 
state  organizations  operating  them.  The  transfer  of  surface  and  other  space  infrastructure  facilities  which  are 
federally  owned  to  the  management,  ownership,  or  lease  of  other  organizations  is  allowed  under  the  procedures 
established  by  legislation  of  the  Russian  Federation. 

3.  The  allocation  of  land  sectors  for  surface  and  other  space  infrastructure  facilities  and  the  alienated  zones 
adjacent  to  them  is  accomplished  by  bodies  of  the  state  authority  and  administration  of  subjects  of  the  Russian 
Federation,  as  well  as  by  local  self-administration  bodies  in  accordance  with  legislation  of  the  Russian 
Federation.  The  procedures  and  conditions  for  the  use  of  such  land  sectors  are  determined  by  contracts  among 
the  appropriate  bodies  of  state  authority  and  administration  and  organizations  operating  surface  and  other  space 
infrastructure  facilities. 

4.  Activity  in  use  of  surface  and  other  space  infrastructure  facilities  by  organizations  and  citizens  of  the  Russian 
Federation  beyond  the  jurisdictional  limits  of  any  state  is  carried  out  in  accordance  with  this  law.  Such  activity  of 
organizations  and  citizens  of  the  Russian  Federation  in  territories  under  the  jurisdiction  of  a  foreign  state  is 
carried  out  in  accordance  with  the  legislation  of  that  state  if  this  does  not  contradict  this  Law. 

Article  19.  Spaceflight  Control 

1 .  Control  of  space  flights  in  all  stages  from  the  launch  of  a  space  object  of  the  Russian  Federation  to  termination 
of  the  flight  is  performed  by  the  organizations  operating  surface  and  other  space  infrastructure  facilities. 

2.  The  launch  and  landing  of  space  objects  of  the  Russian  Federation  are  accomplished  in  predesignated  regions 
determined  In  coordination  with  the  corresponding  bodies  of  state  authority  and  administration.  In  the  event  of 
incidents,  including  accidents  and  catastrophes  occurring  during  implementation  of  space  activity,  the  landing  of 
the  space  objects  of  the  Russian  Federation  can  be  accomplished  In  other  regions  with  notification  of  the 
appropriate  bodies  of  state  authority  and  administration. 


372 


3.  The  maneuvering  of  the  space  objects  In  the  air  space  of  the  Russian  Federation  is  accomplished  with 
allowance  for  the  requirements  of  the  legislation  regulating  use  of  the  air  space  of  the  Russian  Federation. 

4.  A  space  object  of  a  foreign  country  may  make  a  one-time  harmless  flight  through  the  air  space  of  the  Russian 
Federation  for  the  purpose  of  launching  such  an  object  into  an  orbit  around  the  Earth  or  beyond  into  space,  and 
also  for  the  purpose  of  its  return  to  Earth  under  the  condition  of  advance  notification  of  the  appropriate  services 
of  the  Russian  Federation  with  respect  to  the  time,  place,  trajectory,  and  other  conditions  of  such  a  flythrough. 

5.  The  Russian  Space  Agency,  in  collaboration  with  the  Ministry  of  Defense  of  the  Russian  Federation,  provides 
information  on  the  launching  and  landing  of  space  objects  of  the  Russian  Federation  to  the  appropriate  bodies  of 
state  authority  and  administration  of  the  Russian  Federation,  and  in  cases  of  necessity  also  informs  interested 
foreign  countries  and  international  organizations.  In  the  case  of  launching,  landing  or  ending  of  the  lifetime  of 
space  objects  of  the  Russian  Federation  beyond  its  borders  the  corresponding  services  of  the  Russian 
Federation  perform  their  functions  in  coordination  with  competent  bodies  of  the  interested  foreign  countries. 

Article  20.  Cosmonauts  and  Crews  of  Manned  Space  Objects 

1.  Citizens  of  the  Russian  Federation  expressing  the  desire  to  participate  In  space  flights  and  meeting  the 
established  professional  and  medical  requirements  are  selected  for  training  and  making  space  flights  on  the 
basis  of  a  competition.  The  procedures  and  conditions  for  the  competition  are  determined  by  the  Russian 
Space  Agency  and  the  Ministry  of  Defense  of  the  Russian  Federation  with  the  participation  of  other  placers  of 
orders  for  work  on  the  development  and  use  of  space  equipment  and  are  published  in  the  press. 

2.  The  procedures  for  the  training  of  cosmonauts,  the  formation  of  crews  of  manned  space  objects,  and  the 
approval  of  the  flight  program,  as  well  as  the  rights  and  obligations  of  cosmonauts,  payment  for  their  work,  and 
other  conditions  of  their  professional  activity,  are  determined  by  contracts  in  accordance  with  legislation  of  the 
Russian  Federation. 

3.  A  citizen  of  the  Russian  Federation  is  designated  as  crew  commander  of  a  manned  space  object  of  the  Russian 
Federation.  The  crew  commander  of  a  manned  space  object  of  the  Russian  Federation  Is  delegated  the 
completeness  of  authority  necessary  for  implementing  a  space  flight,  leadership  of  the  crew,  and  other 
individuals  participating  in  the  flight.  The  crew  commander  of  a  manned  space  object  of  the  Russian  Federation 
within  the  limits  of  his  powers  bears  responsibility  for  carrying  out  the  flight  program,  safety  of  the  crew  and 
other  individuals  participating  in  the  flight,  safeguarding  of  the  space  object  and  the  property  present  in  it. 

4.  The  Russian  Federation  retains  jurisdiction  and  control  over  any  crew  of  a  manned  space  object  registered  in 
the  Russian  Federation  during  presence  of  this  object  on  the  Earth,  in  any  stage  of  the  flight  or  presence  in 
space,  on  celestial  bodies,  including  beyond  the  limits  of  the  space  object,  as  well  as  upon  return  to  the  Earth, 
right  up  to  completion  of  the  flight  program,  if  not  otherwise  provided  for  under  international  agreements  of  the 
Russian  Federation. 

5.  Citizens  of  foreign  countries  undergoing  training  for  space  flight  in  the  Russian  Federation  or  participating  in 
flight  in  a  manned  space  object  of  the  Russian  Federation  are  obliged  to  adhere  to  the  legislation  of  the  Russian 
Federation  if  not  otherwise  provided  for  in  the  international  agreements  of  the  Russian  Federation. 
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Article  21.  Personnel  of  Surface  and  Other  Space  Infrastructure  Facilities 


1 .  Specialists  performing  duties  with  respect  to  testing,  storage  and  operation  of  space  equipment,  as  well  as  other 
obligations  in  ensuring  compliance  to  the  technological  soundness  of  functioning  of  surface  and  other  space 
infrastructure  facilities,  are  included  among  the  personnel  of  surface  and  other  space  infrastructure  facilities. 

2.  The  functional  duties  of  the  personnel  of  surface  and  other  space  infrastructure  facilities  are  determined  by  the 
organizations  operating  such  facilities.  The  personnel  of  surface  and  other  space  infrastructure  facilities  are 
subject  to  certification  that  they  comply  to  the  stipulated  personnel  requirements. 

3.  The  amount  of  wages  and  supplementary  material  compensation  for  personnel  at  surface  and  other  space 
infrastructure  facilities  are  determined  by  hiring  contracts  signed  with  the  organizations  using  such  facilities.  The 
procedures  for  monetary  compensation  and  material  reward  of  personnel  at  surface  and  other  space 
infrastructure  facilities  who  are  in  the  military  service  are  determined  by  the  appropriate  legislation  of  the 
Russian  Federation. 

4.  Individuals  from  among  the  personnel  of  surface  and  other  space  infrastructure  facilities  whose  professions 
involve  dangerous  or  harmful  work  conditions  are  provided  additional  compensation  in  accordance  with  the 
legislation  of  the  Russian  Federation  and  the  conditions  set  forth  in  the  corresponding  contracts. 

6.  Individuals  brought  in  for  performing  work  on  the  elimination  of  the  consequences  of  accidents  and  catastrophes 
occurring  during  the  implementation  of  space  activity  are  granted  the  compensations  given  to  personnel  of 
surface  and  other  space  infrastructure  facilities. 

Section  V.  Space  Activity  Safety 

Article  22.  Ensuring  Space  Activity  Safety 

1.  Any  space  activity  is  carried  out  with  adherence  to  the  safety  requirements  established  by  legislation  of  the 
Russian  Federation.  The  general  leadership  of  work  on  ensuring  the  safety  of  flight  activity  is  assigned  to  the 
Russian  Space  Agency  and  the  Ministry  of  Defense  of  the  Russian  Federation.  The  task  of  taking  space  activity 
safety  measures  Is  assigned  to  the  corresponding  state  services  and  also  to  organizations  and  citizens  carrying 
out  such  activity.  The  bodies  of  state  authority  and  administration  of  the  Russian  Federation  and  subjects  of  the 
Russian  Federation,  as  well  as  organizations  and  citizens,  are  obliged  to  take  all  possible  measures  for  ensuring 
space  activity  safety. 

2.  The  Russian  Space  Agency  and  the  Ministry  of  Defense  of  the  Russian  Federation  at  the  request  of  interested 
organizations  and  citizens  are  obliged  to  supply  information  on  the  danger  arising  during  the  implementation  of 
space  activity.  When  a  threat  arises  for  the  safety  of  the  population  and  the  environment,  the  Russian  Space 
Agency  immediately  provides  Information  on  this  to  the  appropriate  bodies  of  state  authority  and  administration, 
as  well  as  to  organizations  and  citizens. 

Article  23.  Investigation  of  Incidents  Occurring  During  Implementation  of  Space  Activity 

1.  Incidents,  including  accidents  and  catastrophes,  in  the  implementation  of  space  activity,  are  subject  to 
investigation,  the  procedures  for  which  are  defined  by  legislation  of  the  Russian  Federation. 

2.  The  procedures  for  conducting  investigation  of  incidents,  including  accidents  and  catastrophes,  and  validation  of 
the  results,  can  be  appealed  in  court. 
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Article  24.  Search  and  Emergency  Rescue  Work,  Elimination  of  Consequences  of  Incidents 

1.  Search  and  emergency  rescue  work,  as  well  as  elimination  of  the  consequences  of  incidents  occurring  during 
the  implementation  of  space  activity,  are  carried  out  by  the  appropriate  state  services  with  the  participation  of 
the  bodies  of  state  authority  and  administration  of  subjects  of  the  Russian  Federation,  local  self-administration 
bodies,  as  well  as  organizations  and  citizens. 

2.  Work  on  eliminating  the  consequences  of  incidents  occurring  during  the  implementation  of  space  activity 
Includes  the  restoration  and  reconstruction  of  Industrial  and  other  objects  suffering  as  a  result  of  incidents, 
necessary  environmental  protection  measures  and  compensation  for  losses  sustained  by  subjects  of  the 
Russian  Federation,  organizations,  and  citizens. 

3.  Search  and  emergency  rescue  work,  as  well  as  work  on  the  elimination  of  the  consequences  of  incidents 
occurring  during  the  implementation  of  space  activity  in  the  territory  of  a  foreign  state,  is  carried  out  in 
coordination  with  competent  bodies  of  that  country  at  the  expense  of  the  organizations  and  citizens  carrying  out 
such  activity,  the  resources  of  the  Russian  Space  Fund,  or  the  republic  budget  of  the  Russian  Federation. 

Article  25.  Insurance  for  Space  Activity 

1.  Organizations  and  citizens  which  operate  space  equipment  or  under  whose  orders  space  equipment  is 
developed  and  used  for  scientific  and  economic  purposes  carry  mandatory  insurance  in  an  amount  prescribed 
by  legislation  of  the  Russian  Federation.  Mandatory  insurance  is  provided  in  the  case  of  loss  of  life  or  loss  of 
health  by  cosmonauts,  personnel  of  surface  and  other  space  infrastructure  facilities,  as  well  as  property  loss  by 
third  parties.  Contributions  for  mandatory  insurance  constitute  an  item  in  the  Russian  Space  Fund  or  other 
insurance  organizations  receiving  a  license  for  insuring  space  activity  and  are  used  in  compensating  for  losses 
resulting  from  incidents  occurring  during  the  implementation  of  space  activity  on  the  basis  of  insurance  contracts 
with  organizations  and  citizens  performing  such  activity. 

2.  Organizations  and  citizens  engaged  in  space  activity  may  carry  voluntary  insurance  for  space  equipment  and 
also  the  risks  associated  with  such  activity. 

3.  The  insuring  of  personnel  of  organizations  carrying  out  space  activity  is  through  these  organizations  in 
accordance  with  legislation  of  the  Russian  Federation. 

Section  VI.  International  Cooperation 

Article  26.  International  Obligations  in  Space  Activity  Field 

1 .  The  International  agreements  of  the  Russian  Federation  on  matters  related  to  space  activity  are  subject  to 
ratification  by  the  Supreme  Soviet  of  the  Russian  Federation. 

2.  If  an  international  agreement  ratified  by  the  Supreme  Soviet  of  the  Russian  Federation  provides  for  rules 
different  than  those  which  are  set  forth  In  this  Law  and  other  legislative  acts  of  the  Russian  Federation  regulating 
space  activity,  the  provisions  of  the  international  agreement  apply. 

3.  The  Russian  Federation  ensures  compliance  with  the  international  obligations  which  it  has  assumed  in  the 
space  activity  field,  including  under  the  Agreement  on  the  Principles  of  Activity  of  States  in  Exploring  and  Using 
Space,  Including  the  Moon  and  Other  Celestial  Bodies. 
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4.  The  Russian  Federation  participates  in  the  development  of  international  cooperation  in  the  space  activity  field, 
and  also  solution  of  problems  in  international  law  related  to  the  exploration  and  use  of  space. 

Article  27.  Juridical  Rules  for  Foreign  Organizations  and  Citizens 

1 .  Foreign  organizations  and  citizens  engaged  in  space  activity  under  the  jurisdiction  of  the  Russian  Federation  are 
subject  to  the  juridical  rules  established  for  the  organizations  and  citizens  of  the  Russian  Federation  to  that 
degree  to  which  such  a  regime  is  afforded  by  the  corresponding  state  to  the  organizations  and  citizens  of  the 
Russian  Federation. 

2.  The  Russian  Federation  provides  juridical  protection  for  the  technologies  and  commercial  secrets  of  foreign 
organizations  and  citizens  carrying  out  space  activity  under  the  jurisdiction  of  the  Russian  Federation  in 
accordance  with  the  legislation  of  the  Russian  Federation.  Other  necessary  protection  for  the  technologies  and 
commercial  secrets  of  foreign  organizations  and  citizens  carrying  out  space  activity  under  the  jurisdiction  of  the 
Russian  Federation  is  ensured  on  a  reciprocal  basis. 

3.  Foreign  organizations  and  citizens  carrying  out  space  activity  under  the  jurisdiction  of  the  Russian  Federation 
carry  insurance  for  space  equipment,  and  also  for  the  risks  associated  with  space  activity  under  the  provisions 
set  forth  in  this  Law. 

Article  28.  Juridical  Regulation  of  International  Cooperation 

1 .  Organizations  and  citizens  of  the  Russian  federation  participating  In  the  implementation  of  international  projects 
in  the  space  activity  field  conclude  agreements  with  foreign  organizations  and  citizens  in  accordance  with  the 
legislation  of  the  Russian  Federation,  unless  otherwise  stipulated  in  these  agreements. 

2.  In  the  case  of  conflict  between  the  legislative  norms  of  the  Russian  Federation  and  the  legislation  of  foreign 
states  applicable  to  space  activity  with  the  participation  of  the  organizations  and  citizens  of  the  Russian 
Federation  the  legislation  of  the  Russian  Federation  applies  if  not  provided  for  otherwise  by  international 
agreements  of  the  Russian  Federation. 

Section  VII.  Responsibility 

Article  29.  Responsibility  of  Officials,  Organizations  and  Citizens 

State  organizations  and  their  officials,  as  well  as  citizens  guilty  of  violation  of  this  Law  and  other  legislative  acts 

regulating  space  activity,  bear  responsibility  in  accordance  with  legislation  of  the  Russian  Federation. 

Article  30.  Responsibility  for  Losses 

1.  The  Russian  Federation  guarantees  full  compensation  for  the  direct  losses  sustained  as  a  result  of  Incidents 
occurring  during  the  implementation  of  space  activity  in  accordance  with  the  legislation  of  the  Russian 
Federation. 

2.  The  compensation  for  losses  sustained  as  a  result  of  an  incident  occurring  during  the  implementation  of  space 
activity  is  paid  by  the  organizations  and  citizens  operating  space  equipment.  If  such  loss  is  a  result  of  the  errors 
allowed  in  developing  and  using  space  equipment,  the  obligation  for  compensating  for  the  losses  is  imposed 
partially  or  fully  on  the  corresponding  organizations  and  the  corresponding  citizens. 


3.  A  responsibility  for  the  loss  caused  by  a  space  object  of  the  Russian  Federation  in  the  territory  of  the  Russian 
Federation  or  beyond  the  jurisdictional  limits  of  any  state,  other  than  in  space,  arises  independently  of  the  fault 
of  the  party  responsible  for  the  loss.  If  at  any  place,  in  addition  to  at  the  Earth  s  surface,  a  space  object  of  the 
Russian  Federation  or  the  property  aboard  such  an  object  causes  a  loss  to  another  space  object,  a 
responsibility  of  organizations  and  citizens  arises  when  they  bear  fault  and  is  commensurable  to  their  fault.  If 
the  responsibility  for  a  loss  caused  by  a  space  object  of  the  Russian  Federation  is  borne  by  several  organi¬ 
zations  and  citizens,  a  claim  by  the  damaged  party  for  the  payment  of  compensation  for  losses  can  be  made  to 
all  such  organizations  and  citizens  or  any  of  them.  In  the  latter  case  the  organization  or  citizen  compensating  for 
the  loss  has  the  right  to  a  counteraction  against  correspondents  whose  responsibility  is  distributed 
commensurably  to  the  degree  of  their  fault,  but  if  the  degree  of  fault  cannot  be  determined  it  is  distributed 
evenly. 

The  responsibility  of  organizations  and  citizens  participating  in  the  development  and  use  of  space  equipment  for 
compensating  for  the  losses  sustained  as  a  result  of  incidents  occurring  during  the  implementation  of  space 
activity  is  limited  to  the  amount  of  the  insured  sum  or  the  Insurance  indemnification  provided  for  in  the  contracts 
for  the  insurance  for  space  equipment  and  the  risks  associated  with  space  activity.  If  the  insured  sum  or 
Insurance  indemnification  are  inadequate  for  compensating  for  the  losses  sustained  as  a  result  of  incidents 
occurring  during  the  implementation  of  space  activity,  the  search  for  recovery  can  be  directed  against  the 
property  of  the  corresponding  organizations  and  citizens  in  the  manner  prescribed  by  legislation  of  the  Russian 
Federation. 
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7.4  Decree  1282  of  the  Council  of  Ministers  of  the  Russian  Federation:  “State  Support  and  Backing  for 
Space  Activity  in  the  Russian  Federation”  (adopted  11  December  1993) 

For  the  preservation  and  priority  development  of  Russia’s  space  potential  in  the  interests  of  the  economy,  science, 
and  technology,  and  for  support  of  the  country’s  defense  and  security,  the  Council  of  Ministers  -  Government  of  the 
Russian  Federation  resolves: 

1 .  To  approve  the  appended  Federal  Space  Program  for  the  Period  up  to  the  Year  2000. 

Considering  the  particular  importance  of  the  Federal  Space  Program  of  Russia,  to  establish  that  the  operations 
specified  by  this  program  shall  be  provided  with  material  and  technical  resources  according  to  the  procedure 
customary  for  a  state  defense  order.  That,  when  putting  together  the  draft  republican  budget  of  the  Russian 
Federation  for  the  next  year,  the  Russian  Federation  Ministry  of  Economics  and  the  Russian  Federation  Ministry 
of  Finance  shall  provide  for  the  funding  of  the  said  program  via  the  Russian  Space  Agency  on  a  separate  line  for 
research  and  development,  capital  construction  (state  investments),  purchases  of  batch-produced  space 
equipment  and  operational  expenditure  on  the  maintenance  of  groundbased  facilities  of  the  space  infrastructure, 
this  expenditure  being  referred  to  protected  items  of  the  budget. 

To  authorize  the  Russian  Space  Agency  to  carry  out  the  Federal  Space  Program  of  Russia;  to  conclude  long¬ 
term  contracts  (agreements)  with  those  working  on  the  building  of  research  and  national  economic  space 
complexes;  to  purchase  all  the  batch-produced  space  complexes  and  make  interim  payments  for  the  work  on 
these  complexes  to  the  extent  of  30%  of  their  cost. 

2.  For  the  continued  development  and  sophistication  of  the  groundbased  facilities  of  the  space  infrastructure  of 
Russia: 

that  the  Russian  Federation  Ministry  of  Defense,  the  Russian  Federation  State  Committee  for  the  Defense 
Sectors  of  Industry,  the  Russian  Space  Agency,  the  Russian  Federation  Ministry  of  Economics,  and  the  Russian 
Federation  Ministry  of  Finance  shall,  within  a  month’s  time,  draw  up  and  present  to  the  Council  of  Ministers  - 
Government  of  the  Russian  Federation  proposals  pertaining  to  development  of  the  Plesetsk  cosmodrome  and 
the  building  of  a  cosmodrome  in  Russia’s  Far  East  region; 

that  the  Russian  Federation  Ministry  of  Defense,  the  Russian  Space  Agency,  the  Russian  Federation  State 
Committee  for  the  Defense  Sectors  of  Industry,  and  the  Russian  Federation  of  Finance  shall  draw  up  and 
present  to  the  Russian  Federation  Ministry  of  Economics  proposals  pertaining  to  the  assimilation  by  enterprises 
of  the  Russian  Federation  of  the  production  of  materials,  elements  and  components,  and  rocket  and  space 
technology  formerly  produced  by  enterprises  of  CIS  participants,  with  the  requisite  calculations  and  feasibility 
studies; 

that  the  Russian  Federation  Ministry  of  Defense  (military  space  forces)  and  the  Russian  Space  Agency  shall 
conclude  contracts  and  effect  mutual  settlements  In  respect  of  them  directly  with  the  enterprises  of  the  CIS 
participants  taking  part  in  cooperation  in  the  building  of  rocket  and  space  equipment  of  the  Russian  Federation. 

3.  That  the  Russian  Federation  Ministry  of  Finance  shall  for  the  funding  of  operations  pertaining  to  the  Federal 
Space  Program  of  Russia: 

appropriate  for  the  Russian  Space  Agency  in  1993  some  R126  billion  for  research  and  development,  R7.8  billion 
for  operational  expenditure  on  the  maintenance  of  facilities  of  the  Baikonur  cosmodrome,  R21  billion  for 
purchases  of  batch-produced  space  equipment  and  RIO  billion  for  capital  construction  (state  investments); 
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earmark  in  1994  for  the  Russian  Space  Agency  appropriations  of  R 167  biilion  for  research  and  development, 
R16  billion  for  operational  expenditure  on  the  maintenance  of  the  facilities  of  the  Baikonur  cosmodrome,  R81.8 
billion  for  purchases  of  batch-produced  space  equipment,  and  RIO  billion  for  capital  construction  (state 
investments)  (in  July  1993  prices). 

4.  To  authorize  the  Russian  Federation  Ministry  of  Defense  and  the  Russian  Space  Agency  to  effect  phased 
payment  for  the  batch-produced  space  equipment  and  to  pay  for  the  manufactured  components. 

5.  That,  when  administering  the  republican  budget  of  the  Russian  Federation,  the  Russian  Federation  Ministry  of 
Finance  shall  allocate  annually  in  the  first  quarter  appropriations  for  interim  payments  for  work  pertaining  to  the 
Federal  Space  Program  of  Russia  In  the  amount  of  not  less  than  30%  of  the  annual  funding  of  research  and 
development,  operational  expenditure  on  maintenance  of  facilities  of  the  Baikonur  cosmodrome  and  the 
purchase  of  batch-produced  space  equipment  and  capital  construction,  and  shall  index  the  appropriations  for 
these  types  of  work  In  accordance  with  the  change  in  the  price  level. 

6.  That  the  Russian  Federation  Ministry  of  Economics  and  the  Russian  Federation  Ministry  of  Finance  shall  make 
available  in  the  1994-1996  period  soft  conversion  loans  to  support  the  production  of  space  equipment  for  the 
Central  Specialized  Design  Bureau,  the  Applied  Mechanics  Research-Production  Association,  the  S.  A. 
Lavochkin  Research-Production  Association,  the  Precision  Instruments  Research-Production  Association,  the  M. 
V.  Khrunichev  State  Space  Research-Production  Center,  the  Samara  Progress  Plant,  the  Samara  M.  V.  Frunze 
Machine-Building  Association,  the  Permskiy  Motory  stock  company,  the  Voronezh  Machine  Plant,  the  Arsenal 
Machine-Building  Plant,  the  Academician  S.  P.  Korolev  Energiya  Research-Production  Association,  the 
Academician  V.  P.  Glushko  Energomash  Research- Production  Association,  the  Admiralteyskiy  Verfi  state-owned 
enterprise,  the  Chemical  Machine-Building  Scientific  Research  Institute,  the  Russian  Scientific  Institute  of 
Instrument  Making  for  Space,  and  the  Kazan  Tasma  Production  Association  if  they  have  conversion  programs. 

7.  That  the  Russian  Federation  State  Committee  for  the  Defense  Sectors  of  Industry  and  the  Russian  Space 
Agency  shall,  in  conjunction  with  the  Russian  Federation  State  Committee  for  the  Management  of  State  Property, 
present  to  the  Council  of  Ministers  -  Government  of  the  Russian  Federation  within  a  month's  time  proposals 
pertaining  to  the  structural  reorganization  of  the  rocket  and  space  sector  of  Russia’s  industry. 

8.  For  the  work  on  the  building  and  production  of  space  equipment,  to  establish  a  planned  profitability  of  up  to  35% 
of  the  total  costs  of  the  work  in  the  manufacture  of  space  equipment  and  of  up  to  40%  of  the  original  work  in  the 
development  of  space  equipment. 

To  extend  to  the  work  on  research  and  national  economic  space  equipment  the  Statute  on  a  Lump-Sum  Bonus 
for  the  Workforce  of  Enterprises  and  Organizations  for  the  Creation  of  New  Models  of  Arms  and  Military 
Equipment  and  the  Performance  of  Most  Important  Scientific  Research  approved  by  Decree  No.  558  of  the 
Council  of  Ministers  -  Government  of  the  Russian  Federation  of  16  June  1993. 

9.  From  1st  January  1994,  to  introduce  for  employees  of  enterprises,  organizations,  and  institutions,  regardless  of 
forms  of  ownership  and  of  ministries  and  departments  assigned  to  the  Baikonur  cosmodrome,  the  privileges 
accorded  by  Supplement  1  for  special  work  for  the  length  of  their  stay  at  the  cosmodrome. 

10.  That  the  Russian  Federation  Ministry  of  Finance,  following  a  recommendation  of  the  Russian  Space  Agency, 
shall  allocate  to  the  enterprises  foreign  currency  loans  for  the  fulfillment  of  the  contracts  (agreements)  that  have 
been  concluded  in  the  sphere  of  space  within  the  framework  of  international  arrangements. 
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11.  That  the  Russian  Space  Agency,  the  Russian  Federation  State  Committee  for  the  Defense  Sectors  of  Industry 
and  the  Russian  Federation  Ministry  of  Defense  shall,  in  conjunction  with  the  Russian  Federation  Ministry  of 
Science  and  Technical  Policy  and  the  Russian  Federation  Ministry  of  Economics,  present  within  three  month’s 
time  to  the  Council  of  Ministers  -  Government  of  the  Russian  Federation  proposals  pertaining  to  the  creation,  on 
the  basis  of  enterprises  and  organizations  of  the  space  industry,  of  federal  space  centers  and  a  draft  statute  on 
a  federal  space  center  with  a  view  to  the  concentration  of  orders  for  space  equipment  at  a  minimum  number  of 
enterprises  and  assurance  of  their  state  support. 

12.  That  the  Russian  Federation  Ministry  of  Defense  shall  within  a  month’s  time  prepare  and  present,  according  to 
the  established  procedure,  a  Council  of  Ministers  -  Government  of  the  Russian  Federation  draft  decree  on 
measures  to  ensure  the  social  protection  of  servicemen  of  the  Russian  Federation  Ministry  of  Defense  serving 
at  Baikonur  cosmodrome  and  their  families. 

13.  To  authorize  the  Russian  Space  Agency  to  hold  a  general  director’s  reserve  for  the  funding  of  unforeseen 
operations  in  the  amount  of  up  to  two  per  cent  of  the  annual  funding  of  work  on  the  Federal  Space  Program  of 
Russia. 

14.  To  extend  to  employees  of  the  Russian  Space  Agency  the  terms  of  remuneration  and  material-consumer  and 
medical  services,  and  also  the  privileges  and  benefits  in  effect  for  employees  of  ministries  and  state  committees 
of  the  Russian  Federation. 

15.  To  increase  the  maximum  numbers  of  employees  of  the  central  staff  of  the  Russian  Space  Agency  by  40  with  a 
corresponding  increase  in  the  wage  fund.  That  the  Russian  Federation  of  Finance  shall  submit  to  the  Council  of 
Ministers  -  Government  of  the  Russian  Federation  proposals  concerning  a  supplementary  wage  fund  for 
employees  of  the  central  staff  of  the  Russian  Space  Agency. 

16.  To  authorize  additionally  for  the  Russian  Space  Agency  the  office  of  deputy  director-general. 

17.  To  approve  the  measures  to  support  the  activity  of  the  Russian  Space  Agency  according  to  Supplement  2. 

Supplement  1.  Privileges  for  Employees  of  Enterprises,  Organizations  and  Institutions  and  Ministries  and 

Departments  of  the  Russian  Federation  Assigned  to  the  Baikonur  Cosmodrome  for  Special  Work 

1 .  For  employees  of  enterprises,  organizations,  and  institutions,  regardless  of  forms  of  ownership,  and  of  ministries 
and  departments  assigned  to  the  Baikonur  cosmodrome  for  preparing  and  conducting  tests,  completing  and 
maintaining  space  equipment,  performing  manufacturer's  warranty  (technical)  service  and  carrying  out 
construction,  Installation,  and  startup-debugging  work  to  ensure  the  realization  of  space  programs  (hereinafter 
called  “the  employees”),  the  following  are  established  for  the  time  of  their  stay  at  the  cosmodrome: 

a  compensation  payment  to  the  amount  of  25  times  the  minimum  wage  established  by  legislation  on  a 
monthly  basis; 

a  per  diem  allowance  payment  (including  for  servicemen  other  than  compulsory  service  personnel)  at  the 
current  rates  with  an  Increase  by  a  factor  of  1 .5; 

annual  supplementary  paid  leave  of  one  work  day  per  month  of  time  spent  at  the  cosmodrome,  but  not  more 
than  seven  work  days  (as  in  an  environmental  precrisis-condition  zone). 
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2.  For  the  employees  and  their  families  the  following  supplementary  privileges  pertaining  to  the  protection  of  mother 
and  child  shall  be  introduced: 

prenatai  leave  spent  on  the  territory  of  the  Russian  Federation  with  free  return  travel  to  the  leave  point; 

compensation  of  50%  of  the  cost  of  food  on  the  dispensary  register  obtained  for  children; 

annual  accommodation  free  of  charge  for  children  up  to  16  years  of  age  who  have  lived  at  the  cosmodrome 
for  more  than  a  year  in  specialized  children’s  institutions  of  a  medical  or  sanitarium  type  and  other  health  and 
fitness  establishments  on  the  territory  of  the  Russian  Federation  with  free  travel  there  and  back. 

3.  The  Russian  Space  Agency  and  the  Russian  Federation  State  Committee  for  the  Defense  Sectors  of  Industry 
shall  finance  within  the  limits  of  the  appropriations  allocated  them  the  construction  of  housing  for  the  employees. 

4.  Payments  and  compensation  to  the  employees  and  their  families  shall  be  made  by  the  organizations, 
enterprises,  and  institutions  and  ministries  and  departments  of  the  Russian  Federation  assigning  their  employees 
to  the  Baikonur  cosmodrome.  The  expenditure  on  the  payments  and  sums  of  compensation  shall  be  Included  in 
the  cost  of  the  product  and  the  estimated  expenditure  on  the  maintenance  of  publicly  funded  organizations  and 
ministries  and  departments  of  the  Russian  Federation. 

Supplement  2.  Measures  to  Support  the  Activity  of  the  Russian  Space  Agency. 

1 .  To  authorize  the  Russian  Space  Agency  to: 

to  form  off-budget  funds,  including  foreign  currency  funds,  from  the  voluntary  contributions  of  enterprises  and 
organizations  and  also  from  other  sources,  including  allocations  in  the  amount  of  1 .5%  from  the  prime  costs  of 
jobs  (services)  on  the  building  of  research  and  national  economic  rocket  and  space  equipment,  and  to  use  part 
of  the  said  resources  to  support  unforeseen  work  in  the  interests  of  the  Federal  Space  Program  of  Russia  and 
foreign  economic  activity  and  also  for  the  development  of  a  system  of  training  and  retraining  of  specialists  and 
the  solution  of  individual  questions  of  social-consumer  and  medical  services  and  the  social  protection  of 
employees  of  the  central  staff  of  the  Russian  Space  Agency  and  enterprises  under  Its  jurisdiction; 

in  accordance  with  international  treaties  and  agreements  that  have  been  concluded,  to  make  contributions 
from  the  off-budget  funds  to  enterprises  and  other  legal  entities  founded  with  Its  participation  and  to  purchase 
shares  of  stock  and  securities  contributing  to  the  accomplishment  of  the  missions  entrusted  to  the  agency. 

2.  To  allocate  to  the  Russian  Space  Agency  on  an  operational  management  basis  an  administrative  building  at  42 
(structures  1  and  2)  ulitza  Shchepkina,  Moscow  with  engineering  facilities,  including  means  of  communication, 
and  inventory  and  other  state  property  providing  for  the  normal  functioning  of  the  staff  of  the  agency  and  the 
operation  of  the  said  administrative  building.  That  the  Russian  Federation  State  Committee  for  the  Management 
of  State  Property  shall  exclude  from  the  capital  fund  of  the  Eksikom  Stock  Company  state  assets  that  are  not  due 
to  be  contributed  to  the  capital  fund  and  also  the  engineering  facilities,  means  of  communication,  inventory,  and 
other  state  assets  providing  for  the  normal  operation  of  the  said  administrative  building  and  contributed  earlier  to 
the  capital  fund  of  the  Eksikom  Stock  Company. 

3.  To  include  the  Russian  Space  Agency  on  the  list  of  properties  subject  to  state  protection  approved  by  Russian 
Federation  Government  Decree  No.  587  of  14th  August  1992,  “Questions  of  Private  Detective  and  Security 
Activity”.  To  authorize  the  formation  under  the  auspices  of  the  Russian  Space  Agency  of  a  detachment  of 
Category  1  militarized  security. 
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4.  By  1st  January  1994,  to  establish  an  extra  monthly  payment  In  the  amount  of  up  to  20%  of  salary  for  employees 
of  the  Russian  Space  Agency  working  directly  with  secret  documents. 
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7.5  Memorandum  of  Understanding  of  the  Heads  of  Government  of  the  Russian  Federation  and  the 
Republic  of  Kazakhstan,  “On  Mutual  Understanding  on  Maintaining  the  Operational  Use  of  the 
Baikonur  Cosmodrome  “  (Signed  26  December  1993) 

The  Heads  of  Government  of  the  Russian  Federation  and  the  Republic  of  Kazakhstan  held  a  special  meeting  devoted 
to  a  comprehensive  exchange  of  views  on  ways  and  means  of  ensuring  the  proper  functioning  of  the  Baikonur  space 
center. 

The  Heads  of  Government  of  the  Russian  Federation  and  the  Republic  of  Kazakhstan,  building  on  earlier 
understandings,  consider  it  necessary  to  draw  up  a  draft  agreement  for  the  purpose  of  ensuring  the  stable  functioning 
of  the  Baikonur  space  center  and  its  efficient  exploitation  in  the  interests  of  the  Russian  Federation,  the  Republic  of 
Kazakhstan,  and  other  states. 

The  Heads  of  Government  agreed  that  the  Russian  Federation  and  the  Republic  of  Kazakhstan  would,  in  matters 
concerning  the  Baikonur  space  center,  be  guided  by  the  following  basic  principles: 

1 .  The  Russian  Federation  and  the  Republic  of  Kazakhstan  shall  pursue  coordinated  policies  with  a  view  to 
expanding  cooperation  in  the  exploration  and  use  of  space,  the  further  development  of  the  Baikonur  space  center 
in  support  of  national  and  international  space  programs,  and  also  of  commercial  space  projects. 

The  parties  shall,  via  the  appropriate  organizations,  assist  in  the  execution  by  the  authorities  and  legal  persons  of 
the  two  countries  of  cooperative  projects  involving  use  of  the  Baikonur  space  center. 

2.  The  Baikonur  space  center  must  be  preserved  as  a  resource  of  great  importance  for  the  civil  and  military  space 
programs  of  the  Russian  Federation  and  the  commonwealth  as  a  whole  and  of  international  cooperative 
programs. 

For  use  of  the  Baikonur  space  center  for  the  above  purposes,  the  Russian  Federation  shall  pay  rental  to  the 
Republic  of  Kazakhstan.  The  specific  terms  of  such  rental  shall  take  account  of  other  matters  relevant  to 
Russian-Kazakh  relations. 

The  Baikonur  space  center  and  the  town  of  Leninsk  shall  be  exploited  by  the  Government  of  the  Russian 
Federation  or  the  state  authorities  empowered  by  it  to  do  so.  In  this  connection,  the  question  of  the  inclusion  of 
the  town  of  Leninsk  in  the  resources  to  be  rented  shall  be  considered  separately  with  due  regard  for  the  laws  of 
the  Republic  of  Kazakhstan. 

3.  The  rights  and  obligations  acquired  by  the  Directorate  of  Space  Resources  of  the  Armed  Forces  of  the  CIS  by 

virtue  of  the  Agreement  of  25  May  1992  between  the  Russian  Federation  and  the  Republic  of  Kazakhstan 
concerning  use  of  the  Baikonur  space  center  shall  be  entirely  vested  in  and  performed  by  the  Military  Space 
Forces  of  the  Russian  Federation. 

In  this  regard,  the  parties  recognize  that  the  Russian  military  units  at  the  Baikonur  space  center  are  located  on 
the  territory  of  the  Republic  of  Kazakhstan  on  a  temporary  basis  and  that  their  activities  are  governed  by  the  laws 
of  the  Republic  of  Kazakhstan  and  of  the  Russian  Federation. 

The  parties  agree  that  matters  concerning  security,  the  preservation  of  law  and  order,  jurisdiction,  and  also 
concerning  social  and  legal  guarantees  in  respect  of  persons  forming  part  of  the  Russian  military  units  at  the 
Baikonur  space  center,  members  of  their  families,  civilian  personnel  at  the  space  center,  and  persons  on 
mission,  will  be  covered  by  the  agreement  concerning  the  Baikonur  space  center  in  accordance  with  the  laws  of 
the  Russian  Federation  and  of  the  Republic  of  Kazakhstan. 
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4.  The  Russian  Federation  and  the  Republic  of  Kazakhstan  are  proceeding  on  the  assumption  that  the  ownership  of 
objects,  buildings  and  installations,  hardware,  armaments,  equipment,  and  other  assets  produced,  acquired,  or 
provided  after  31  August  1991  belong  to  the  party  which  funded  them. 

For  the  purpose  of  drawing  up  the  above-mentioned  agreement  and  of  resolving  problems  that  might  arise  with 
regard  to  the  Baikonur  space  center,  the  Heads  of  Government  have  set  up  an  intergovernmental  commission 
chaired  by  the  Deputy  Prime  Ministers  of  the  Governments  of  the  Russian  Federation  and  of  the  Republic  of 
Kazakhstan.  The  commission  has  been  instructed  to  submit  within  two  months,  a  draft  Agreement  and  a  draft 
accord  on  rental  of  the  space  center,  taking  into  account  the  main  provisions  of  the  present  Memorandum. 
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7.6  Russian  Government  Directive  No.  624-r  (signed  3  May  1994) 

1 .  The  Energiya  Scientific  Production  Association  named  after  Academician  S.  P.  Korolev  shall  be  authorized  to 
create  in  accordance  with  prescibed  procedure,  jointly  with  foreign  participants,  an  enterprise  to  develop  a  sea- 
based  space  rocket  for  launching  various  space  devices. 

2.  The  Energiya  Scientific  Production  Association  named  after  Academician  S.  P.  Korolev  shall  be  given 
responsibility  for  coordinating  the  work  of  Russian  enterprises  and  cooperating  with  Ukrainian  enterprises  in  the 
creation  of  the  above  space  rocket  complex. 
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7.7 


Russian  Federation  Government  Decree  996:  “On  Measures  To  Ensure  Fulfillment  of  the  28  March 
1994  Agreement  Between  the  Russian  Federation  and  the  Republic  of  Kazakhstan  on  the  Basic 
Principles  and  Conditions  Governing  the  Use  of  the  Baikonur  Space  Center”  (signed  29  August 
1994) 

The  Russian  Federation  Government  decrees  that: 

1.  The  Russian  Federation  Defense  Ministry  and  the  Russian  Space  Agency,  in  conjunction  with  interested 
ministries  and  departments  and  in  accordance  with  Article  6  of  the  28  March  1994  Agreement  between  the 
Russian  Federation  and  the  Republic  of  Kazakhstan  on  the  Basic  Principles  and  Conditions  Governing  the  Use 
of  the  Baikonur  Space  Center,  shall  submit  a  draft  agreement  on  leasing  of  the  Baikonur  complex  to  the  Russian 
Federation  Government  within  one  month. 

2.  The  Russian  Federation  Defense  Ministry  shall  within  one  month  implement  measures  in  conjunction  with  the 
Kazakhstani  side  to  transfer  facilities  at  the  Baikonur  Space  Center  used  to  implement  the  Russian  Federal 
Space  Program,  in  accordance  with  the  appendix,  to  the  use  and  possession  of  the  Russian  Space  Agency.  The 
transfer  of  facilities  at  the  Baikonur  Space  Center  to  the  use  and  possession  of  the  Russian  Space  Agency  shall 
take  place  under  acts  ratified  by  the  Russian  Federation  Defense  Ministry  and  the  genera!  director  of  the  Russian 
Space  Agency,  as  well  as  by  the  leaders  of  Republic  of  Kazakhstan  ministries  and  departments  in  conjunction 
with  the  Kazakhstani  side. 

3.  The  Russian  Federation  Finance  Ministry  shall  allocate  $115  million  in  1 994  to  pay  for  the  leasing  of  the  Baikonur 
complex  and  also  for  the  upkeep  of  the  Baikonur  complex  In  the  amounts  envisaged  by  the  federal  budget  for 
1994,  including: 

-  the  sum  of  1 91 .2  billion  rubles  (R)  to  the  Russian  Federation  Defense  Ministry  for  the  Military  Space  Forces; 

-  R179.2  billion  to  the  Russian  Space  Agency,  including  R53.8  billion  for  operational  expenditure,  R17.6  billion 
for  the  purchase  of  series-produced  space  equipment,  R15.8  billion  for  capital  construction,  and  R91  billion  for 
the  upkeep  of  the  city  of  Leninsk. 

4.  The  Russian  Federation  Defense  Ministry  shall  continue  under  the  established  system  and  on  a  contract  basis  to 
supply  facilities  at  the  Baikonur  Space  Center  with  electricity,  water,  heat,  rocket  fuel,  fuels  and  lubricants,  and 
other  materials,  shall  organize  rail  shipments  of  workers  and  freight  within  the  space  center  precincts,  and  shall 
provide  aviation  services  at  the  Krayniy  airfield  (landing  clearance,  servicing,  refueling,  security,  and  dispatch  of 
air  transport  enterprises’  assets),  metrological,  meteorological,  medical,  and  other  services. 

5.  The  Russian  Federation  Defense  Ministry  shall  be  authorized  to  recruit  civilian  specialists  to  be  paid  under  the 
procedure  laid  down  by  Russian  Federation  legislation  in  order  to  operate  power,  heat,  and  water  supply 
systems,  as  well  as  sewage  and  communications  systems  at  general  space  center  installations. 

6.  Russian  Federation  enterprises  and  organizations  shall  be  authorized  to  use  the  funds  allocated  to  them  to 
ensure  the  upkeep,  operation,  capital  construction,  modernization,  overhaul,  and  day-to-day  repair  of  facilities  at 
the  Baikonur  Space  Center  and  to  accept  citizens  from  the  CIS  states  for  jobs  ensuring  the  running  of  these 
facilities.  Reports  on  the  utilization  of  the  aforesaid  assets  shall  be  delivered  under  the  procedure  laid  down  for 
facilities  included  on  the  balance  sheets  of  these  enterprises  and  organizations  on  Russian  Federation  territory. 
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7.  The  Russian  Federation  Ministry  of  Education  shali: 

-  ensure  the  organization  of  the  education  of  school  children  at  educational  establishments  in  the  city  of 
Leninsk  under  Russian  Federation  plans  and  programs; 

-  coordinate  with  the  Republic  of  Kazakhstan  Ministry  of  Education  the  questions  of  the  education  of  Kazakhs 
under  national  programs,  and  of  the  recognition  on  Republic  of  Kazakhstan  territory  of  the  educational 
documents  issued  in  educational  establishments  in  the  city  of  Leninsk. 

8.  The  Russian  Federation  State  Committee  for  Higher  Education  shall  examine  the  question  of  the  possibility  of 
training  the  specialists  required  by  the  Baikonur  Space  Center  at  a  branch  of  the  Moscow  Aviation  Institute, 
altering  training  programs  if  necessary. 

9.  The  Russian  Federation  Foreign  Ministry,  the  Russian  Space  Agency,  the  Russian  Federation  Defense  Ministry, 
the  Russian  Federation  Ministry  of  Internal  Affairs,  the  Russian  Federation  Federal  Counterintelligence  Service, 
the  Russian  Federation  Ministry  of  Justice,  and  the  Russian  Federation  Ministry  of  Social  Protection  of  the 
Population  shall  elaborate  within  three  months  in  conjunction  with  the  Kazakhstani  side  the  possibility  of  creating 
in  the  city  of  Leninsk  a  closed  administrative-territorial  formation  in  line  with  the  Russian  Federation  law  “On 
Closed  Administrative-Territorial  Formations”  and  shall  draw  up  within  one  month  proposals  on  the  candidate  to 
be  appointed  head  of  the  Leninsk  City  Administration. 

10.  The  Russian  Federation  Defense  Ministry  in  conjunction  with  the  Russian  Space  Agency  and  by  agreement  with 
the  Kazakhstani  side  shall  set  up  a  coordinating  organ  at  the  Baikonur  Space  Center  headed  by  the  chief  of  the 
space  center,  and  shall  submit  the  relevant  proposals  to  the  Russian  Federation  Government  within  two 
months. 

11.  With  a  view  to  organizing  the  work  to  operate  groundbased  space  infrastructure  facilities,  the  Russian  Space 
Agency  shall  set  up  a  corresponding  organ  of  75  people  under  the  agency.  This  organ  shall  be  funded  from 
monies  earned  for  work  and  service  performed. 

12.  The  Russian  Space  Agency  and  the  Russian  Federation  Defense  Ministry  in  conjunction  with  the  Russian 
Federation  Ministry  of  Fuel  and  Energy,  the  Russian  Federation  Ministry  of  Railways,  the  Russian  Federation 
Ministry  of  Transport,  the  Russian  Federation  Ministry  of  Communications,  the  Russian  Federation  Ministry  of 
Education,  the  Russian  Federation  Ministry  of  Culture,  the  Russian  Federation  Committee  for  Water  Resources, 
and  other  interested  ministries  and  departments  shall  prepare  and  submit  to  the  Russian  Federation 
Government  by  15  November  1994  proposals  on  the  organization  starting  in  1995  of  funding,  material  and 
technical  support  for  and  the  operation  by  these  ministries  and  departments  of  the  general  space  center 
facilities  at  the  Baikonur  complex,  fully  resolving  the  aforesaid  tasks  as  of  1 997. 
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7.8  Russian  Federation  Federal  Law  No.  28-F3:  “On  the  Ratification  of  the  Agreement  Between  the 
Russian  Federation  and  the  Republic  of  Kazakhstan  on  the  Basic  Principles  and  Conditions  of  the 
Utilization  of  the  Baikonur  Cosmodrome”  (signed  24  October  1994) 

Article  1 . 

The  Agreement  Between  the  Russian  Federation  and  the  Republic  of  Kazakhstan  on  the  Basic  Principles  and 
Conditions  of  the  Utilization  of  the  Baikonur  Cosmodrome,  signed  in  the  city  of  Moscow  28  March  1994,  is  ratified. 

Article  2. 

The  Russian  Federation  Government  is  to  submit  the  treaty  on  leasing  the  Baikonur  complex  between  the  Russian 
Federation  and  Republic  of  Kazakhstan  Governments  to  the  State  Duma  for  ratification  after  it  has  been  concluded  in 
accordance  with  Article  6  of  the  agreement,  together  with  the  20-year  federal  program  to  develop  a  groundbased 
infrastructure  for  space  assets. 

Article  3. 

Following  ratification  of  the  treaty  on  leasing  the  Baikonur  complex,  the  Russian  Federation  Government  is  to  adopt  a 
decision  on  the  opening  of  financing  for  the  payment  of  rent  for  the  Baikonur  complex  and  for  reimbursing  the 
Republic  of  Kazakhstan’s  property  losses  and  expenditure  on  maintaining  and  operating  the  Baikonur  complex  in 
1992-1993. 


388 


7.9  Russian  Presidential  Edict:  “On  the  Organization  of  the  Further  Utilization  of  the  Baikonur 
Cosmodrome  in  the  Interests  of  the  Russian  Federation’s  Space  Activity”  (signed  24  October  1994) 

With  a  view  to  efficiently  utilizing  the  Baikonur  Cosmodrome  for  the  implementation  of  Russia’s  space  programs  and 
in  connection  with  the  signing  of  the  Agreement  on  the  Basic  Principles  and  Conditions  of  the  Utilization  of  the 
Baikonur  Cosmodrome  between  the  Russian  Federation  and  the  Republic  of  Kazakhstan,  I  decree  that: 

1.  The  Russian  Federation  Government  Is  to  organize  the  takeover  of  the  Baikonur  complex  from  the  government 
of  Kazakhstan  and  ensure  its  proper  functioning  .  Proposals  for  candidacy  for  the  post  of  head  of  Leninsk  City 
Administration  are  to  be  prepared  within  one  month. 

The  following  provisions  are  to  be  made  during  the  formation  and  amplification  of  the  federal  budget: 

-  the  allocation  of  appropriations  to  pay  for  the  lease  of  the  Baikonur  Cosmodrome  and  the  upkeep  of  the  city  of 
Leninsk; 

-  the  allocation  of  appropriations  to  the  Russian  Space  Agency  and  the  Russian  Federation  Ministry  of  Defense 
for  expenditure  by  the  Military  Space  Forces  on  operational  costs  and  purchases  of  series-produced  equipment 
for  the  utilization,  maintenance,  upgrading,  arrdtooling  of  the  Baikonur  Cosmodrome’s  facilities  and  the 
upkeep  of  servicemen: 

-  the  allocation  of  the  necessary  volume  of  capital  investment,  including  for  the  constructiofi housing  in  the 
Russian  Federation  for  persons  discharged  from  military  service  after  serving  with  the  Russian  Federation  Armed 
Forces  on  the  territory  of  the  Baikonur  Cosmodrome,  and  also  for  employees  of  enterprises  and  organizations 
working  in  the  Baikonur  complex  on  a  permanent  basis. 

2.  It  is  prescribed  that  the  financial,  material,  and  technical  support  for,  and  the  utilization  of,  the  Baikonur  complex 
facilities  used  for  the  implementation  of  Russian  military  space  programs  are  to  be  carried  out  by  the  Russian 
Federation  Ministry  of  Defense  (Miiitary  Space  Forces),  and  that  these  functions  as  regards  the  impiementation 
of  Russia’s  federal  space  program  are  to  be  carried  out  by  the  Russian  Space  Agency  under  contracts  with 
industrial  enterprises  and  organizations  and  the  cosmodrome’s  military  units.  The  financial,  material,  and 
technical  support  of  facilities  connected  with  ensuring  the  proper  functioning  of  the  Baikonur  complex  is  to  be 
shared  proportionately  between  the  Russian  Federation  Ministry  of  Defense  (Military  Space  Forces)  and  the 
Russian  Space  Agency. 

3.  A  special  military  contingent  numbering  16,000  men,  including  3,800  officers,  and  not  forming  part  of  the 
numerical  strength  of  the  Russian  Federation  Armed  Forces,  is  to  be  maintained  from  1  January  1995  through  1 
January  1997,  from  funds  allocated  to  the  Russian  Space  Agency  from  the  federal  budget,  as  part  of  the  Military 
Space  Forces  for  the  implementation  of  space  programs  for  scientific  and  national-economic  purposes  and 
international  cooperation,  and  also  for  the  utilization  of  facilities  connected  with  ensuring  the  proper  functioning  of 
the  Baikonur  complex.  The  Russian  Federation  of  Defense  is  to  ensure  the  manning  levels  of  the 
aforementioned  military  contingent  and  provide  it  with  all  types  of  allowance. 

4.  The  Russian  Federation  Ministry  of  Defense  (Military  Space  Forces)  are  charged  with  the  overall  coordination  of 
work  carried  out  at  the  Baikonur  Cosmodrome. 

5.  This  edict  comes  into  force  on  the  day  it  is  signed. 
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SECTION  8.  1993-1994  EURASIAN  SPACE  LAUNCHES 
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TABLE  8.1  CIS  LAUNCH  HISTORY,  1993 
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TABLE  8.1  CIS  LAUNCH  HISTORY,  1993 
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TABLE  8.2  CIS  LAUNCH  HISTORY,  1994 
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APPENDIX  A1 


Frequencies  Used  by  European  and  Chinese  Satellites  in  1 993  and  1 994  as  Monitored  by  the 


Kettering  Group 


IHUmIBIH 

DESCRIPTION 

USE 

29.355 

TELEMETRY 

RS  10/11  on  KOSMOS  1861 

RS  15  (RADIO-ROSTO) 

121.75 

FM  VOICE 

SOYUZ  TM-16,  TM-17,  TM-18,  TM-19 

137.30 

2  LINES/SEC  APT 

METEOR  3-3,  3-4,  3-5,  3-6 

137.40 

4  LINES/SEC  APT,  Note  1 

OKEAN4 

137.40 

2  LINES/SEC  APT 

METEOR  2-21 

137.40 

TELEMETRY 

SROSS-C  2 

137.56 

CARRIER  ONLY 

PROSPERO 

137.72 

TELEMETRY 

TEMISAT 

137.85 

2  LINES/SEC  APT 

METEOR  2-21,  3-3,  3-5 

143.075 

TELEMETRY 

TUBSAT 1 

143.62 

FM  VOICE 

MIR 

145.55 

AMATEUR  RADIO 

PACKET  +  VOICE 

MIR 

145.822 

TELEMETRY 

INFORMATOR 1 

145.825 

AMATEUR  RADIO 

UoSAT2 

145.985 

AMATEUR  RADIO 

RUDAK  2  on  INFORMATOR  1 
(OSCAR  21 /RS  14) 

149.91 

#2  MILITARY  NAVSAT,  Note  2 

KOSMOS  2184 

149.94 

#3  MILITARY  NAVSAT 

KOSMOS  2218 

#6  MILITARY  NAVSAT,  Note  2 

KOSMOS  2180,  2279 

149.97 

#1  MILITARY  NAVSAT 

KOSMOS  2135,  2195,  2266 

#4  MILITARY  NAVSAT,  Note  2 

KOSMOS  2173,  2239 

150.00 

#1 1  CIVIL  NAVSAT 

KOSMOS  2181,  2230 

#12  CIVIL  NAVSAT 

NADEZHDA3 

#13  CIVIL  NAVSAT 

KOSMOS  2123 

#14  CIVIL  NAVSAT,  Note  2 

NADEZHDA  2,  4 

150.03 

#5  MILITARY  NAVSAT,  Note  2 

KOSMOS  2142,  2233 

150.30 

300  kHz  WIDE  FM/PCM 
TELEMETRY  WITH  1  SEC  FRAME 

KOSMOS  2284 

150.30 

300  KHZ  WIDE  FM/PCM 
TELEMETRY  WITH  2  SEC  FRAME 

KOSMOS  2088,  2226,  GEO-IK  5 

166.0 

FM  TELEMETRY,  Note  3 

PROGRESS  M-15,  M-16,  M-17,  M-18, 
M-19,  M-21,  M-23,  M-24,  M-25 
SOYUZ  TM-16,  TM-17,  TM-18,  TM-19, 

179.985 

TELEMETRY 

TM-20 

393.675 

TELEMETRY 

CHINA  40 

400.55 

SLOW  RATE  TELEMETRY 

CHINA  40 

479.970 

FREJA 

638.0 

FM  TELEMETRY,  Note  3 

CHINA  40 

922.75 

MIR 

SOYUZ  TM-16,  TM-18 

926.07 

PROGRESS  M-19,  M-21,  M-23 
PROGRESS  M-23 
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Note  1:  APT  similar  to  that  from  the  sun-synchronous  Meteor  30  but  imagery  can  show 
visible,  microwave  sounder,  and  radar  swaths  contiguously. 

Note  2:  Fifty  bits/second  modulation  is  employed.  The  data  to  be  transmitted  select  a  low 
frequency  and  the  resulting  sequence  amplitude  modulates  the  VHF  carrier.  The 
frequency  spectrum  is  shown  in  figure  below.  The  data  to  be  transmitted  select  either 
3.5  or  7  KHz  producing  side-bands  a,  b,  c  after  modulating  the  carrier.  Only  the  3  and 
5  KHz  convey  the  binary  information.  Transitional  encoding  is  employed,  binary  1 
being  represented  by  a  change  from  3  to  5  KHz  or  vice  versa.  Binary  0  produces  no 
frequency  shift.  The  7  KHz  provides  time  synchronization  every  second. 

CARRIER 

I . KHz 


3  5  7 


The  numbers  marked  by  #  indicate  the  Soviet  orbital  plane  number  assigned  to  each 
satellite  and  transmitted  as  part  of  its  telemetry.  Planes  #1-6  are  spaced  30  degrees 
apart  covering  one  hemisphere  (180  degrees)  and  #11-14  are  spaced  45  degrees 
apart  to  cover  the  remaining  hemisphere. 

Noted:  This  telemetry  signal  consists  of  an  approximately  250  KHz  wide  FM  spectrum  with 
most  of  the  energy  concentrated  at  the  edges  of  the  signal  bandwidth,  indicating  a  high 
moderation  index.  The  modulating  signal  is  probably  an  amplitude-modulated  pulse 
train,  PAM.  The  normal  frame  length  is  10  milliseconds.  The  normal  number  of 
words  per  frame  is  32.  The  frequency  given  in  the  table  indicates  the  center  frequency 
of  the  FM  spectrum.  This  frequency  is  determined  as  the  average  of  the  frequencies  of 
the  lower  and  upper  peaks  of  the  FM  spectrum.  These  frequencies  can  be  accurately 
determined  by  tuning  a  frequency-synthesized  receiver  across  them. 
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APPENDIX  A2. 

Historical  Eurasian  Satellite  Deployment  Failures. 

ELDO  SATELLITE  DEPLOYMENT  FAILURES 


DATE 

INT  DESXG 

LAUNCH  VEHICLE 

LAUNCH  SITE 

FAILURE  TYPE 

30  Nov  1968 

★  *  * 

Europa  I 

Woomera 

Failed  to  reach  orbit 

03  Jul  1969 

*  ★  * 

Europa  I 

Woomera 

Failed  to  reach  orbit 

12  Jun  1970 

*  *  * 

Europa  I 

Woomera 

Failed  to  reach  orbit 

05  Nov  1971 

★  ★  * 

Europa  II 

Kourou 

Failed  to  reach  orbit 

ELDO  =  European  Launcher  Development  Organization 


ESA  SATELLITE  DEPLOYMENT  FAILURES 


DATE 

INT  DESI6 

LAUNCH  VEHICLE 

LAUNCH  SITE 

FAILURE  TYPE 

23  May  1980 

★  ★  * 

Araine  1 

Kourou 

Failed  to  reach  orbit 

10  Sep  1982 

★  *  * 

Ariane  1 

Kourou 

Failed  to  reach  orbit 

12  Sep  1985 

*  ★  ★ 

Ariane  3 

Kourou 

Failed  to  reach  orbit 

31  May  1986 

*  *  * 

Ariane  2 

Kourou 

Failed  to  reach  orbit 

22  Feb  1990 

★  *  * 

Ariane  44L 

Kourou 

Failed  to  reach  orbit 

24  Jan  1994 

*  *  * 

Ariane  44LP 

j  Kourou 

Failed  to  reach  orbit 

01  Dec  1994 

*  *  * 

Ariane  42 P 

Kourou 

Failed  to  reach  orbit 

FRANCE  SATELLITE  DEPLOYMENT  FAILURES 


DATE 

INT  DESI6 

LAUNCH  VEHICLE 

LAUNCH  SITE 

FAILURE  TYPE 

08  Feb  1967 

1967-011 

Diamant 

Hammaguir 

Orbital  stage  failure 

05  Dec  1971 

*  *  * 

Diamant  B 

Kourou 

Failed  to  reach  orbit 

21  May  1973 

*  *  ★ 

Diamant  B 

Kourou 

Failed  to  reach  orbit 
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INDIA  SATELLITE  DEPLOYMENT  FAILURES 


DATE 

INT  DESI6 

LAUNCH  VEHICLE 

LAUNCH  SITE 

FAILURE  TYPE 

10  Aug  1979 

*  *  * 

SLV-3 

Sriharikota 

Failed  to  reach  orbit 

31  May  1981 

1981-051 

SLV-3 

Sriharikota 

Orbital  stage  failure 

24  Mar  1987 

*  *  * 

ASLV 

Sriharikota 

Failed  to  reach  orbit 

13  Jul  1988 

★  *  ★ 

ASLV 

Sriharikota 

Failed  to  reach  orbit 

20  May  1992 

1992-028 

ASLV 

Sriharikota 

Orbital  stage  failure 

20  Sep  1993 

*  *  * 

PSLV 

Sriharikota 

Failed  to  reach  orbit 

JAPAN  SATELLITE  DEPLOYMENT  FAILURES 


DATE 

INT  DESIG 

LAUNCH  VEHICLE 

LAUNCH  SITE 

FAILURE  TYPE 

26  Sep  1966 

**  * 

L-4S 

Kagoshima 

Failed  to  reach  orbit 

20  Dec  1966 

L-4S 

Kagoshima 

Failed  to  reach  orbit 

13  Apr  1967 

**  ★ 

L-4S 

Kagoshima 

Failed  to  reach  orbit 

22  Sep  1969 

*  *  * 

L-4S 

Kagoshima 

Failed  to  reach  orbit 

25  Sep  1970 

*  *  * 

M-4S 

Kagoshima 

Failed  to  reach  orbit 

04  Feb  1976 

*  *  * 

M-3C 

Kagoshima 

Failed  to  reach  orbit 

06  Feb  1979 

1979-009 

N-I 

Tanegashima 

Orbital  stage  failure* 

22  Feb  1980 

1980-018 

N-I 

Tanegashima 

Orbital  stage  failure* 

15  Jan  1995 

*  *  * 

M-3SII 

Kagoshima 

Lower  stage  failure 

*  Independent  apogee  kick  stage;  not  part  of  basic  launch  vehicle 
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PRC  SATELUTE  DEPLOYMENT  FAILURES 


DATE 

INT  DESIG 

LAUNCH  VEHICLE 

LAXTNCK  SITE 

FAILURE  TYPE 

18  Sep  1973 

*  *  * 

FB-l 

Jiuquan 

Failed  to  reach  orbit 

14  Jul  1974 

*  *  * 

FB-1 

Jiuquan 

Failed  to  reach  orbit 

05  Nov  1974 

if  -fc  -k 

CZ-2 

Jiuquan 

Failed  to  reach  orbit 

10  Nov  1976 

*  ★  ★ 

FB-1 

Jiuquan 

Failed  to  reach  orbit 

27  Jul  1979 

if  if  if 

FB-1 

Jiuquan 

Failed  to  reach  orbit 

29  Jan  1984 

1984-008 

CZ-3 

Xichang 

Orbital  stage  failure 

16  Jul  1990 

1990-059 

CZ-2E 

Xichang 

Orbital  stage  failure* 

28  Dec  1991 

1991-088 

CZ-3 

Xichang 

Orbital  stage  failure 

21  Dec  1992 

★  *  * 

CZ-2E 

Xichang 

Failed  to  reach  orbit 

25  Jan  1995 

*  *  * 

CZ-2E 

Xichang 

Failed  to  reach  orbit 

*  Independent  apogee  kick  stage;  not  part  of  basic  launch  vehicle 


UK  SATELLITE  DEPLOYMENT  FAILURES 


DATE 

INT  DESIG 

LAUNCH  VEHICLE 

LAUNCH  SITE 

FAILURE  TYPE 

02  Sep  1970 

★  *  * 

Black  Arrow 

Woomera 

Failed  to  reach  orbit 
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USSR  /  CIS  SATELLITE  DEPLOYMENT  FAILURES 

(Compiled  with  the  assistance  of  Vladimir  Agapov) 


DATE 

INT  DES16 

LV  FAMILY 

LAUNCH  SITE 

FAILURE  TYPE 

27  Apr  1958 

*  *  * 

Sputnik 

Baikonur 

Failed  to  reach  orbit 

23  Sep  1958 

*  *  * 

Luna 

Baikonur 

Failed  to  reach  orbit 

12  Oct  1958 

*  *  * 

Luna 

Baikonur 

Failed  to  reach  orbit 

04  Dec  1958 

*  *  * 

Luna 

Baikonur 

Failed  to  reach  orbit 

18  Jul  1959 

★  ★  * 

Luna 

Baikonur 

Failed  to  reach  orbit 

15  Apr  1960 

**  * 

Luna 

Baikonur 

Failed  to  reach  orbit 

16  Apr  1960 

*  *  * 

Luna 

Baikonur 

Failed  to  reach  orbit 

28  Jul  1960 

*  *  * 

Vostok 

Baikonur 

Failed  to  reach  orbit 

10  Oct  1960 

★  ★  ★ 

Molniya 

Baikonur 

Failed  to  reach  orbit 

14  Oct  1960 

*  *  * 

Molniya 

Baikonur 

Failed  to  reach  orbit 

22  Dec  1960 

*  *  * 

Vostok 

Baikonur 

Failed  to  reach  orbit 

04  Feb  1961 

1961-002 

Molniya 

Baikonur 

Orbital  stage  failure 

27  Oct  1961 

*  *  * 

Kosmos  (R-12 ) 

Kapustin  Yar 

Failed  to  reach  orbit 

11  Dec  1961 

*  *  * 

Vostok 

Baikonur 

Failed  to  reach  orbit 

21  Dec  1961 

*  *  * 

Kosmos  (R-12 ) 

Kapustin  Yar 

Failed  to  reach  orbit 

01  Jun  1962 

*  *  * 

Vostok 

Baikonur 

Failed  to  reach  orbit 

25  Aug  1962 

1962-040 

Molniya 

Baikonur 

Orbital  stage  failure 

01  Sep  1962 

1962-043 

Molniya 

Baikonur 

Orbital  stage  failure 

12  Sep  1962 

1962-045 

Molniya 

Baikonur 

Orbital  stage  failure 

24  Oct  1962 

1962-057 

Molniya 

Baikonur 

Orbital  stage  failure 

25  Oct  1962 

★  *  ★ 

Kosmos  (R-12) 

Kapustin  Yar 

Failed  to  reach  orbit 

04  Nov  1962 

1962-062 

Molniya 

Baikonur 

Orbital  stage  failure 

04  Jan  1963 

1963-001 

Molniya 

Baikonur 

Orbital  stage  failure 

03  Feb  1963 

*  *  * 

Molniya 

Baikonur 

Failed  to  reach  orbit 

06  Apr  1963 

*  *  * 

Kosmos  (R-12 ) 

Kapustin  Yar 

Failed  to  reach  orbit 

01  Jun  1963 

*  ★  * 

Kosmos  (R-12 ) 

Kapustin  Yar 

Failed  to  reach  orbit 

10  Jul  1963 

*  *  * 

Vostok 

Baikonur 

Failed  to  reach  orbit 

22  Aug  1963 

★  *  * 

Kosmos  (R-12 ) 

Kapustin  Yar 

Failed  to  reach  orbit 

24  Oct  1963 

*  *  ★ 

Kosmos  (R-12 ) 

Kapustin  Yar 

Failed  to  reach  orbit 

11  Nov  1963 

1963-044 

Molniya 

Baikonur 

Orbital  stage  failure 

28  Nov  1963 

*  *  * 

Vostok 

Baikonur 

Failed  to  reach  orbit 

19  Feb  1964 

*  *  * 

Molniya 

Baikonur 

Failed  to  reach  orbit 

21  Mar  1964 

*  *  * 

Molniya 

Baikonur 

Failed  to  reach  orbit 

27  Mar  1964 

1964-014 

Molniya 

Baikonur 

Orbital  stage  failure 

20  Apr  1964 

*  *  * 

Molniya 

Baikonur 

Failed  to  reach  orbit 

04  Jun  1964 

•k 

Molniya 

Baikonur 

Failed  to  reach  orbit 

23  Oct  1964 

•k  k  k 

Kosmos  (R-14) 

Baiknour 

Failed  to  reach  orbit 

01  Dec  1964 

kk  k 

Kosmos  (R-12) 

Kapustin  Yar 

Failed  to  reach  orbit 
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USSR  /  CIS  SATELLITE  DEPLOYMENT  FAILURES 

(Compiled  with  the  assistance  of  Vladimir  Agapov) 


DATE 

INT  DESIG 

LV  FAMILY 

LAUNCH  SITE 

FAILURE  TYPE 

12  Feb  1965 

*  *  * 

Kosmos  (R-12) 

Kapustin  Yar 

Failed  to  reach  orbit 

20  Feb  1965 

*** 

Kosmos  (R-12) 

Kapustin  Yar 

Failed  to  reach  orbit 

12  Mar  1965 

1965-018 

Molniya 

Baikonur 

Orbital  stage  failure 

10  Apr  1965 

*  ★  ★ 

Molniya 

Baikonur 

Failed  to  reach  orbit 

13  Jul  1965 

*  *  * 

Vostok 

Baikonur 

Failed  to  reach  orbit 

23  Nov  1965 

1965-094 

Molniya 

Baikonur 

Orbital  stage  failure 

28  Dec  1965 

**  * 

Kosmos  (R-12) 

Kapustin  Yar 

Failed  to  reach  orbit 

21  Feb  1966 

Kosmos  (R-12 ) 

Kapustin  Yar 

Failed  to  reach  orbit 

01  Mar  1966 

1966-017 

Molniya 

Baikonur 

Orbital  stage  failure 

16  Mar  1966 

*  *  ★ 

Tsyklon 

Baikonur 

Launch  pad  explosion 

24  Mar  1966 

★  *  ★ 

Proton 

Baikonur 

Failed  to  reach  orbit 

27  Mar  1966 

★  ★  * 

Molniya 

Baikonur 

Failed  to  reach  orbit 

17  May  1966 

*  *  * 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

24  May  1966 

1966-043 

Kosmos  (R-12) 

Kapustin  Yar 

Shroud  failure 

16  Sep  1966 

*  *  * 

Vostok 

Baikonur 

Failed  to  reach  orbit 

18  Sep  1966 

1966-088 

Tsyklon 

Baikonur 

Orbital  stage  failure 

02  Nov  1966 

1966-101 

Tsyklon 

Baikonur 

Orbital  stage  failure 

16  Nov  1966 

*  *  * 

Kosmos  (R-14) 

Baikonur 

Failed  to  reach  orbit 

14  Dec  1966 

*  *  * 

Soyuz 

Baikonur 

Launch  Pad  Explosion 

22  Mar  1967 

*  *  * 

Tsyklon 

Baikonur 

Failed  to  reach  orbit 

08  Apr  1967 

1967-032 

Proton 

Baikonur 

Orbital  stage  failure 

17  Jun  1967 

1967-063 

Molniya 

Baikonur 

Orbital  stage  failure 

20  Jun  1967 

★  ★  * 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

26  Jun  1967 

*  *  * 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

21  Jul  1967 

*  *  ★ 

Voskhod 

Baikonur 

Failed  to  reach  orbit 

01  Sep  1967 

*  *  * 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

27  Sep  1967 

*  *  * 

Kosmos  (R-14) 

Plesetsk 

Launch  pad  explosion 

28  Sep  1967 

.**  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

22  Nov  1967 

★  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

16  Jan  1968 

1968-003 

Voskhod 

Plesetsk 

Orbital  stage  failure 

07  Feb  1968 

*  ★  * 

Molniya 

Baikonur 

Failed  to  reach  orbit 

06  Mar  1968 

*  *  * 

Kosmos  (R-12) 

Kapustin  Yar 

Failed  to  reach  orbit 

23  Apr  1968 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

04  Jun  1968 

★  ★  ★ 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

15  Jun  1968 

*  *  * 

Kosmos  (R-14) 

Baikonur 

Failed  to  reach  orbit 

20  Jan  1969 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

25  Jan  1969 

*  *  * 

Tsyklon 

Baikonur 

Failed  to  reach  orbit 

01  Feb  1969 

★  ★  ★ 

Vostok 

Plesetsk 

Failed  to  reach  orbit 

19  Feb  1969 

*  *  ★ 

Proton 

Baikonur 

Failed  to  reach  orbit 

21  Feb  1969 

**  * 

N-1 

Baikonur 

Failed  to  reach  orbit 

27  Mar  1969 

★  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 
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USSR  /  CIS  SATELLITE  DEPLOYMENT  FAILURES 

(Compiled  with  the  assistance  of  Viadimir  Agapov) 


DATS 

Xm  DESIG 

LAUNCH  VEHICLE 

LAUNCH  SITE 

FAILURE  TYPE 

02  Apr  1969 

•kic* 

Proton 

Baikonur 

Failed  to  reach  orbit 

14  Jun  1969 

**  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

03  Jul  1969 

*★  * 

N-1 

Baikonur 

Launch  pad  explosion 

23  Jul  1969 

kkk 

Kosmos  (R-12) 

Plesetsk 

Failed  to  reach  orbit 

23  Sep  1969 

1969-080 

Proton 

Baikonur 

Orbital  stage  failure 

22  Oct  1969 

1969-092 

Proton 

Baikonur 

Orbital  stage  failure 

28  Nov  1969 

★  ** 

Proton 

Baikonur 

Failed  to  reach  orbit 

27  Dec  1969 

★  ★  ★ 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

30  Jan  1970 

*  *  * 

Kosmos  (R-12) 

Plesetsk 

Failed  to  reach  orbit 

06  Feb  1970 

*★* 

Proton 

Baikonur 

Failed  to  reach  orbit 

22  May  1970 

k** 

Kosmos  (R-12) 

Plesetsk 

Failed  to  reach  orbit 

27  Jun  1970 

kkk 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

21  Jul  1970 

kkk 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

22  Aug  1970 

1970-065 

Molniya 

Baikonur 

Orbital  stage  failure 

23  Dec  1970 

**  * 

Kosmos  (R-14) 

Plesetsk 

Launch  pad  explosion 

05  Mar  1971 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

05  Mar  1971 

**★ 

Kosmos  (R-12) 

Kapustin  Yar 

Failed  to  reach  orbit 

10  May  1971 

1971-042 

Proton 

Baikonur 

Orbital  stage  failure 

25  Jun  1971 

★  *  * 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

27  Jun  1971 

*★* 

N-1 

Baikonur 

Failed  to  reach  orbit 

22  Jul  1971 

*** 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

03  Aug  1971 

*** 

Kosmos  (R-12) 

Plesetsk 

Failed  to  reach  orbit 

19  Aug  1971 

**  * 

Voskhod 

Baikonur 

Failed  to  reach  orbit 

24  Nov  1971 

★  *  * 

Kosmos  (R-12) 

Kapustin  Yar 

Failed  to  reach  orbit 

03  Dec  1971 

*  *  * 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

31  Mar  1972 

1972-023 

Molniya 

Baikonur 

Orbital  stage  failure 

25  Apr  1972 

*** 

Kosmos  (R-12) 

Plesetsk 

Failed  to  reach  orbit 

29  Jul  1972 

kkk 

Proton 

Baikonur 

Failed  to  reach  orbit 

02  Sep  1972 

kkk 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

17  Oct  1972 

kkk 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

23  Nov  1972 

kkk 

N-1 

Baikonur 

Failed  to  reach  orbit 

25  Apr  1973 

kkk 

Tsyklon 

Baikonur 

Failed  to  reach  orbit 

25  May  1973 

kkk 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

26  Jun  1973 

kkk 

Kosmos  (R-14) 

Plesetsk 

Launch  pad  explosion 

04  Jul  1973 

kkk 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 

12  Apr  1974 

kkk 

Voskhod 

Baikonur 

Failed  to  reach  orbit 

23  May  1974 

kkk 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

11  Jul  1974 

kkk 

Kosmos  (R-12) 

Plesetsk 

Failed  to  reach  orbit 

30  Aug  1974 

kkk 

Voskhod 

Plesetsk 

Failed  to  reach  orbit 
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USSR  /  CIS  SATELLITE  DEPLOYMENT  FAILURES 

(Compiled  with  the  assistance  of  Vladimir  Agapov) 


DATE 

INT  DESIG 

LV  FAMILY 

LAUNCH  SITE 

FAILURE  TYPE 

05  Apr  1975 

*  *  * 

Soyuz 

Baikonur 

Failed  to  reach  orbit 

03  Jun  1975 

*  ★  * 

Kosmos  (R-14) 

Kapustin  Yar 

Failed  to  reach  orbit 

16  Oct  1975 

★  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

19  Dec  1975 

*  *  * 

Kosmos  (R-14 ) 

Plesetsk 

Failed  to  reach  orbit 

01  Jul  1976 

1976-062 

Molniya 

Plesetsk 

Orbital  stage  failure 

01  Sep  1976 

1976-088 

Molniya 

Plesetsk 

Orbital  stage  failure 

04  Oct  1976 

*  *  * 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

22  Feb  1977 

*  *  * 

Soyuz 

Baikonur 

Failed  to  reach  orbit 

05  Aug  1977 

★  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

10  Aug  1977 

*  *  * 

Soyuz 

Baikonur 

Failed  to  reach  orbit 

29  Nov  1977 

*  *  * 

Kosmos  (R-14 ) 

Plesetsk 

Failed  to  reach  orbit 

27  May  1978 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

17  Aug  1978 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

17  Oct  1978 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

19  Dec  1978 

1978-118 

Proton 

Baikonur 

Orbital  stage  failure 

20  Dec  1978 

1978-119 

Kosmos  (R-14 ) 

Plesetsk 

Orbital  stage  failure 

16  Feb  1979 

*  *  * 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

12  Oct  1979 

*  ★  * 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

12  Feb  1980 

1980-013 

Molniya 

! 

Plesetsk 

Orbital  stage  failure 

18  Mar  1980 

*  *  * 

Vostok 

Plesetsk 

Launch  pad  explosion 

18  Apr  1980 

1980-031 

Molniya 

Plesetsk 

Orbital  stage  failure 

23  Jan  1981 

•k  -k  ic 

Tsyklon 

Plesetsk 

Failed  to  reach  orbit 

28  Mar  1981 

kkk 

Soyuz 

Baikonur 

Failed  to  reach  orbit 

11  Sep  1981 

1981-088 

Molniya 

Plesetsk 

Orbital  stage  failure 

04  Mar  1982 

*  ★  * 

Kosmos  (R-14) 

Kapustin  Yar 

Failed  to  reach  orbit 

15  May  1982 

*  *  * 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

12  Jun  1982 

*  *  * 

Soyuz 

Baikonur 

Failed  to  reach  orbit 

18  Jun  1982 

1982-061 

Kosmos  (R-14) 

Plesetsk 

Orbital  stage  failure 

23  Jul  1982 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

30  Aug  1982 

*  *  ★ 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

24  Nov  1982 

*  *  * 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

08  Dec  1982 

1982-115 

Molniya 

Baikonur 

Orbital  stage  failure 

24  Dec  1982 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

25  Jan  1983 

*  *  * 

Kosmos  (R-14) 

Plesetsk 

Failed  to  reach  orbit 

26  Sep  1983 

★  *  * 

Soyuz 

Baikonur 

Launch  pad  explosion 

27  Nov  1984 

1984-120 

Tsyklon 

Plesetsk 

Orbital  stage  failure 
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USSR  /  CIS  SATELLITE  DEPLOYMENT  FAILURES 

(Compiled  with  the  assistance  of  Vladimir  Agapov) 


DATE 

INT  DESIG 

LV  FAMILY 

LAUNCH  SITE 

FAILURE  TYPE 

13  Apr  1985 

*  ★  ★ 

Zenit 

Baikonur 

Failed  to  reach  orbit 

21  Jun  1985 

1985-053 

Zenit 

Baikonur 

Failed  to  reach  orbit 

23  Oct  1985 

*  *  * 

Kosmos  {R-14) 

Plesetsk 

Failed  to  reach  orbit 

28  Dec  1985 

1985-121 

Zenit 

Baikonur 

Orbital  stage  failure 

26  Mar  1986 

*  *  ★ 

Soyuz 

Baikonur 

Failed  to  reach  orbit 

03  Oct  1986 

1986-075 

Molniya 

Plesetsk 

Orbital  stage  failure 

15  Oct  1986 

*  ★  * 

Tsyklon 

Plesetsk 

Failed  to  reach  orbit 

29  Nov  1986 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

30  Jan  1987 

1987-010 

Proton 

Baikonur 

Orbital  stage  failure 

24  Apr  1987 

1987-036 

Proton 

Baikonur 

Orbital  stage  failure 

15  May  1987 

*  *  * 

Energiya 

Baikonur 

Failed  to  reach  orbit 

18  Jun  1987 

*  *  * 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

18  Jan  1988 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

17  Feb  1988 

1988-009 

Proton 

Baikonur 

Orbital  stage  failure 

09  Jul  1988 

*  *  * 

Soyuz 

Baikonur 

Failed  to  reach  orbit 

27  Jul  1988 

*  *  * 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

11  Nov  1988 

*  *  * 

Soyuz 

Baikonur 

Failed  to  reach  orbit 

09  Jun  1989 

*  ★  ★ 

Tsyklon 

Plesetsk 

Failed  to  reach  orbit 

03  Apr  1990 

*  *  * 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

21  Jun  1990 

1990-055 

Molniya 

Plesetsk 

Orbital  stage  failure 

03  Jul  1990 

*  *  * 

Soyuz 

Plesetsk 

Failed  to  reach  orbit 

09  Aug  1990 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

04  Oct  1990 

*  *  * 

Zenit 

Baikonur 

Launch  pad  explosion 

25  Jun  1991 

*  *  * 

Kosmos  (R-14 ) 

Plesetsk 

Failed  to  reach  orbit 

30  Aug  1991 

*  *  * 

Zenit 

Baikonur 

Failed  to  reach  orbit 

05  Feb  1992 

*  *  * 

Zenit 

Baikonur 

Failed  to  reach  orbit 

27  Apr  1993 

1993-028 

Soyuz 

Baikonur 

Orbital  stage  failure 

27  May  1993 

*  *  * 

Proton 

Baikonur 

Failed  to  reach  orbit 

25  May  1994 

★  ★  ★ 

Tsyklon 

Plesetsk 

Failed  to  reach  orbit 

Launch  pad  explosion:  During  final  preparation  through  first  few  seconds  of  fiight 
Failed  to  reach  orbit:  Due  to  launch  vehicle  or  payload  malfunction 
Orbital  stage  failure:  Did  not  reach  operational  orbit 
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Yuzhnoye  Scientific  Production  Association:  Figure  2.40. 
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11.  SPACECRAFT  CLASS  INDEX 

ACRV  (Assured  Crew  Return  Vehicle):  98,111,119 

ADEOS  (Advanced  Earth  Observation  Satellite):  1 97,  203-204 

Aelita  (aka  Spektr-R):  310-311 

Ajisa  (akaEGS):  185-186 

Akebono  (aka  EXOS-D):  290 

Aktivnyy:  297 

Almaz  1:  215-217 

Almaz  2:  217-218,225 

ALOS  (Advanced  Land  Observing  Satellite):  204 

Altair  (aka  Luch):  109, 114, 171, 174-175 

AMOS  (Affordable  Modular  Optimized  Satellite):  151,155-156 

AMPTE  (Active  Magnetospheric  Particle  Tracer  Explorer):  289,293 

AOTS  (Advanced  Orbital  Test  Satellite):  145 

APEKS  (Active  Plasma  Experiment):  291 

APPLE  (Ariane  Passenger  Payload  Experiment):  151 

APStar:  51,150-151 

Arabsatl:  179-180 

Arabsat2:  180 

Archimedes:  145 

Arkos:  164,  170,  176 

Arsene:  148 

ARTEMIS  (Advanced  Relay  Technology  Mission):  144-145,158 

Asiasatl:  150 

Asiasat2:  150 

Asterix:  4 

Astra:  160-61 

Astrid:  293 

Astro-B  (akaTenma):  308 
Astro-C  (akaGinga):  308 
Astro-D  (aka  Asuka):  46, 308 
Astro-E:  308 
Astron:  309 

Asuka  (aka  Astro-D):  46,308 
Atmos:  197-198 

ATV  (Automated  Transfer  Vehicle):  96,100 

AUOS-SM  (Automatic  Universal  Orbital  Station):  302-303 

Ayame  (aka  ECS-Japan):  160 

Badr:  51,162,204 

BEST:  197 

Bhaskara:  199 

Bion:  234,281-282,285-286 
Biotechnologiya  Space  Vehicle:  237,  239 
BOR:  63,65 
Bremsat:  289 
B-Sat:  159 

BS2  (Broadcasting  Satellite,  aka  Yuri):  159 
BS3:  159 

BSB  (aka  Marcopolo):  162, 181-182 
BSE:  159 

Buran:  61-63,  65,  105,  107,  175 
CARINA  (Capsuladi  Rientro  Non  Abitata):  231-232 
Cassini:  295 
Castor:  185 

CBERS  (China-Brazil  Earth  Resources  Satellite,  aka  Zi  Yuan):  206-208 

CERISE  (Characterisation  de  i’Environment  Radio-electrique  par  un  Instrument  Spatial  Embarque):  183, 
338 
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CESAR  (Central  European  Satellite  for  Advanced  Research):  289-290 
ChinasatS  (aka  Zhongxing  5):  163 
Cluster:  2,288-289,291-293,305 

Columbus  Orbital  Facility  (aka  Attached  Pressurized  Module):  98-99, 230-231 , 282 
COBRAS  (Cosmic  Background  Radiation  Satellite):  306 
COMETS  (Communications  and  Broadcasting  Engineering  Test  Satellite):  158 
Convert:  167 

Corsa-B  (aka  Hakucho):  308 

Coupon:  168,  177 

Co-orbitai  ASAT:  68,  346-348 

CS2  (Communications  Satellite,  aka  Sakura):  159 

CS3:  158-159 

CS4  (seeN-Star) 

CTV  (Crew  Transport  Vehicie):  96,100-101 
DFH-2  (Dongfanghong):  162-163,206 
DFH-3:  162-163 

DFS  (Deutsche  Fernmeidesateliit,  aka  Korpernikus):  149 

Diademe:  185 

Diapason:  185 

Docking  Compartment:  98 

Docking  Module:  119,  123 

Docking  Stowage  Module:  98 

DRS  (Data  Relay  Satellite):  140,144-145 

DRTS  (Data  Relay  and  Tracking  Satellite):  158 

Ecologia:  225 

ECS  (European  Communications  Satellite-ESA):  2, 140, 145, 147 

ECS  (Experimental  Communications  Satellite-Japan,  aka  Ayame):  160 

EGS  (Experimental  Geodetic  Satellite,  aka  Ajisa):  185-186 

Ekran-D:  174 

Ekran-M:  173-174 

EKOL:  223-224 

EKOS:  223 

Elekon:  168 

Elektro:  211-213 

ENVISAT:  145,  195-196 

EORSAT  (Electronic  Intelligence  [ELINT]  Ocean  Reconnaissance  Satellite):  68,  225,  340-342 
EPOS  (Experimental  Manned  Orbital  Airplane):  63 
Equator-S:  289 

ERS  (European  Remote  Sensing  Satellite):  2,  4,  149,  183,  193-197,  210,  338 
Etalon:  192-193 

ETS  II  (Engineering  Test  Satellite,  aka  Kiku):  157 

ETSV:  157,160 

ETS  VI:  157-159 

ETS  VIII:  157-158 

ETSN:  157-158 

EURECA  (European  Retrievable  Carrier):  229-232,  282-283 
Europesat:  146 

EUTELSAT  1  (European  Telecommunications  Satellite):  145-146 
EUTELSAT2:  146,  179 
EUTELSAT  3:  146 

EXOSAT  (European  X-ray  Observatory  Satellite):  303 
EXOS-D  (aka  Akebono):  290 

EXPRESS  (Experimental  Re-entry  Space  System):  47,  231-232,  284 

Express164,  171,  175-177 

Express  M:  164 

FengYunI:  53,205-206 

Feng  Yun  2:  206-207 

Feng  Yun  3:  206 
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FGB  (Functional  Cargo  Block):  95,  98 

FIRST  (Far-Infrared  and  Submillimeter  Space  Telescope):  293, 305-306 
FOBS  (Fractional  Orbit  Bombardment  System):  68 
Freja:  114,292-293,314 
Freja-C:  293 

FSWO  (Fanhui  Shi  Weixing):  205,233,282,285 
FSW  1:  51,  204-205,  231,  233,  285,  333-334 
FSW  2:  51.  204-205,  233,  333-334 
Fuji:  160 

Fuyo  (akaJERS):  202-203 

Gals:  164,  171,  175-177 

GalsR:  164,175-176 

GalsR6:  176 

GalsR12:  176 

Gamma:  225 

Garuda:  153-154 

Gelikon:  164, 176-177 

Geyser:  174, 177,  341 

GEO-IK  (aka  Musson):  168, 191-192 

GEOS  (Geostationary  Satellite):  288 

Geostar-MSS:  178 

Geotail:  290 

GFZ-1  (GeoForschungsZentrum):  185 

Ginga  (aka  Astro-C):  308 

Giotto:  293,297 

Globis:  179 

Globsat:  164, 168 

GLONASS  (Global  Navigation  Satellite  System):  59, 184-185, 189-192 
GLONASS  M:  190 

GMS  (Geostationary  Meteorological  Satellite):  201  -202 

GOMS  (Geostationary  Operational  Meteorological  Satellite,  aka  Elektro):  211-213 

Gonets:  164-167 

GonetsD:  165 

Gonets  R:  165 

Gorizont:  171,173-174,  177 

Granat:  309-310 

Gurwin  (akaTechsat):  156,200 

Hagoromo:  298 

Hakucho  (aka  Corsa-B):  308 

Helios:  332-333,  337-338 

HEOS  (Highly  Eccentric  Orbit  Satellite):  288 

Hermes:  4,  40,  96,  229-231 

HIPPARCOS  (High  Precision  Parallax  Collecting  Satellite):  304 

Hispasat:  180-181 

Hiten  (aka  Muses-A):  47,297-298 

HOPE  (H-ll  Orbiting  Plane):  13,  48-50, 102-103,  233 

HORUS  (Hypersonic  Orbital  Reusable  Upper  Stage):  40-41,101 

HORUSC:  40 

Horns  (formerly  Osiris):  333,  338 
Hotbird:  146 
Hotbird  Plus:  146 

HOTOL  (Horizontal  Take-Off  and  Landing):  71-73 
HST  (Hubble  Space  Telescope):  303-304 
Huygens:  293,  295-296 
Informator:  166-167 

INMARSAT  2  (International  Maritime  Satellite):  154,185 
INMARSATS:  60,  154,  184-185 
INMARSATS  154,185 
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INSAT1  (Indian  Satellite):  151-152,200 
INSAT2:  151-152,200 

INTEGRAL  (International  Gamma-Ray  Laboratory):  293, 306 

INTELSAT  1  (International  Telecommunications  Satellite):  155 

INTELSAT  2:  155 

INTELSAT  3:  155,162 

INTELSAT  4:  155 

INTELSAT  5:  155 

INTELSAT  5A:  155 

INTELSAT  6:  155 

INTELSAT?:  155 

INTELSAT  8:  155,163 

INTELSAT  8A:  155 

INTELSAT  K:  155 

Interbol:  288,291 

Interim  HOTOL:  72 

InterMarsNet:  296 

International  Space  Station:  4,  48,  95-103,  111,  118-119,  229,  231-232,  239,  282,  284 

IRAS  (Infra-Red  Astronomical  Satellite):  305 

IRS  (Indian  Remote  Sensing  Satellite):  42, 1 98-200 

ISEE  (International  Sun-Earth  Explorer):  288 

ISO  (Infrared  Space  Observatory):  2, 304-305 

ITALSAT  1  (Italian  Satellite):  144-145, 156 

ITALSAT2:  156 

ITAMSAT  (Italian  Amateur  Satellite,  aka  Oscar  26):  157 

lUE  (International  Ultraviolet  Explorer):  2, 303 

JCSAT  (Japanese  Communications  Satellite):  160 

JEM  (Japanese  Experiment  Module):  48,  98, 103,  232-233,  284 

JERS  (Japan  Earth  Resources  Satellite,  aka  Fuyo):  202-203, 333 

JUNO:  307-308 

Kiku  (akaETS):  157-158 

Kitsat  (aka  Uribyol):  180-181,183,225-226 

Kometa:  336 

KOMSAT  (Korea  Multipurpose  Satellite):  181,226 
Kondor:  164,  178 
Kopernikus  (akaDFS):  149 
Koreasat  (aka  Mugunghwa):  181 

KORONAS  I  (Complex  Orbital  Near-Earth  Observations  of  Activity  of  the  Sun):  302 
KORONASF:  302-303 
Koskon:  164,  166-167 

Kristall:  60,  1 04-1 07,  1 1 4,  1 1 7,  1 1 9-1 22,  221 ,  234,  237,  239 
Kuban:  220-221 

Kvant  1 :  1 04-1 06,  1 08-1 1 1 ,  1 1 3-1 1 7,  1 20-1 22 
Kvant  2:  1 04-1 07,  1 09,  1 1 1 ,  1 20-122,  221 ,  237,  239 
LAGEOS  2  (Laser  Geodynamics  Satellite):  45, 185-186 
Lavochkin  (aka  Mercury):  235-236 
Lebid:  183 

Life  Support  Module:  98 

Locstar:  1 84 

Lomonosov:  312-313 

Luch  (aka  Altair):  1 09, 1 1 4, 1 71 , 1 74-1 75 

Lunar-A:  298 

Magion:  287-288,  291 

Magyarsat:  151 

MAKS  (Multi-purpose  Aerospace  System):  63,  238-239 
Marcopolo  (aka  BSB):  162, 181-182 

MARECS  (Maritime  European  Communications  Satellite):2, 140, 154 
Mars  94/96:  299-302 
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Mars  96/98:  299,301-302 

Mayak:  164, 170-171,176 

MEASAT  (Malaysian  East  Asia  Satellite):  161 

Mercury  (aka  Lavochkin):  235-236 

Meteor  1:  208 

Meteor  2:  156,209-210 

Meteor  3:  149,209-211 

Meteor  3M:  210 

Meteor-Priroda:  214 

Meteosat:  2,  193-194 

Metop:  195-196 

Minisat:  313-314 

Mir  :  4,  95,  97,  99,  101,  103-123,  175,  221-222,  229,  231,  233-234,  237,  282-284,  286 

Molniyal:  169-170 

Molniya  IT:  170 

Molniya3:  169-170 

Molniya  spaceplance  (see  MAKS) 

Memo  (akaMOS):  201-202 

MOP  (Meteosat  Operational  Program):  193-194 

MORO  (Moon  Orbiting  Observatory):  296 

MOS  (Marine  Observation  Satellite,  aka  Momo):  201-202 

MSG  (Meteosat  Second  Generation):  194 

MTSAT  (Multi-functional  Transport  Satellite):  202 

Mugunghwa  (aka  Koreasat):  181 

Muses-A  (akaHiten):  47-297-298 

Muses-B:  308-309 

Musson  (aka  GEO-IK):  168,191-192 

Nadezhda:  186 

NATO  2  (North  Atlantic  Treaty  Organization):  161 

NATO  3:  161 

NATO  4:  161,183 

NATO  5:  161 

Navsat:  184 

NIKA-B  (Scientific  Research  Spacecraft  -  Biological):  286 

NIKA-T  (Sceintific  Research  Spacecraft -Technological):  235 

Nord:  164,171 

N-Star:  159-160 

Oblique:  335 

Obzor:  225 

Odin:  314 

Ofeq:  44 

OICETS  (Optical  Inter-Orbit  Communications  Engineering  Test  Sateliite):  158-159 

Okean-M:  226-227 

Okean-O:  213,  226-227 

Okean-OE:  213 

Oko:  344-345 

Olympus:  140, 144 

Optus:  51 

OREX  (Orbiting  Re-entry  Experiment):  48 
Osiris  (seeHorus) 

OTS  (Orbital  Test  Satellite):  140,145 
Ozone:  224 

PAKSAT  (Pakistan  Satellite):  162 

PalapaB:  153 

PalapaC:  153 

Pallada:  168 

Parus:  187-189,350 

Peole:  185 
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Phobos:  59,  299 

Photon:  231 ,  234-235,  282,  285 

Planet-B:  298-299 

Platform  B  (see  Sich  2) 

Pluto  Fast  Fly-by:  302 

POEM  (Polar-Orbiting  Earth  Observation  Mission):  195-196 

Polyus:  237-239,  348 

PoSAT  (Portugal  Satellite):  183,207-208 

Priroda:  108,  118-122,  221-223 

Prognoz  (early  warning):  345 

Prognoz  9:  291,  311-312 

Prognoz  M2:  287-288,  291,312 

Progress  M:  96,  98,  100,  104-123,  225,  234,  236,  239,  336 

Progress  M2:  96,  98, 1 1 9 

Radio:  166 

Radio-M:  165-166 

Radio-ROSTO:  56, 165-166 

Radioastron  (aka  Spektr-R):  310-311 

Radiobook:  168 

Raduga:  171-173 

Radugal:  173 

RAMOS  (Russian-American  Observation  Satellite):  345-346 

Regatta:  292,  31 3 

Regatta-Astro:  313 

Regatta-Piasma:  292 

Relikt  (aka  Prognoz  9):  291,311-312 

Relikt2:  312 

Research  Module:  98 

Resurs-FI:  218-220,  231,  234-235,  285,  335 

Resurs-FIM:  218 

Resurs-F2:  218-220 

Resurs-F2M:  218 

Resurs-F3:  220 

Resurs-01:  150,  214-215 

Resurs-02:  215-217 

Resurs-Spektr  Rl:  220-221 

Resurs-Spektr  V:  220,  336 

Resurs-T:  220,  335 

Rocsat:  182 

Rohini:  42 

Romantis:  177 

Romb:  349 

RORSAT  (Radar  Ocean  Reconnassiance  Satellite):  68, 342-343 

ROSAT  (Roentgensateilit):  306-307 

Rosetta:  293,  295-296 

S80/r:  147-148,  183 

SAFIR  (Sateiiite  for  Information  Relay):  150 

SAFIR-R:  150,215 

Sakigake:  47,  290,  297 

Salyut2:  215 

Salyut3:  215 

Salyut5:  215,233 

Salyut6:  101,104 

Salyut7:  101,104 

SARA  (Satellite  for  Amateur  Radio  Astronomy):  296-297 
Sakura:  158-159 
SAMRO:  332 

SARIT  (Sateiiite  di  Radiodiffusione  Italiane):  156 
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SAX  (Satellite  Astronomic  raggi-X):  307 
Service  Module:  98 

SFU  (Space  Flyer  Unit):  103,232-233,284 

Shijian2:  186,291 

Shijian  3:  207 

Shijian4:  291 

Shinei:  297 

Sichl:  226-227,286 

Sich2:  227-229 

SICRAL  (SistemaltalianadeCommunicazioneRiserventeAliarmi):  156 

Signal:  164, 167-168 

Sinosat:  163 

Sirio:  156 

Sirius:  181 

Skif-DM:  348 

Skipper:  346 

Skylon:  72 

Skynet2:  183 

Skynet3:  183 

Skynet4:  183-184 

SOCCER:  299 

SOHO  (Solar  Heliospheric  Observatory):  288,293-295,305 
Solar-A  (akaYohkoh):  297 
SovCanStar:  177 
Soyuz:  233 

Soyuz  TM:  96-98,  100-102,  104-123,  238-239,  336 

Space  Biotechnological  Complex:  236 

Spacelab:  2,  4,  96-97,  99,  101-102,  198,  229-232,  281-284 

Spektr  (Mir  module):  108, 117-122,  222-223 

Spektr-IR  (aka  Aelita):  310 

Spektr-R  (aka  Radioastron):  310-311 

Spektr-UVT:  310-311 

Spektr-Xg:  310-311 

Spiral:  63 

SPM  (Space  Processing  Module,  aka  IMP):  237-239 

SPOT  (Satellite  Pour  l-Observation  de  la  Terre):  6,  144-145,  183,  185,  194,  196-197,  204,  292,  332, 
338 

SPS-Sputnik:  164,  168 
Sputnik  1:  115,299 
Sputnik  2:  285 

SROSS  (Stretched  Rohini  Satellite  Series):  42, 198,  306-307 
Starlette:  185 

STARS  (Seismic  Telescope  for  Astrophysical  Research  from  Space):  306 

Stella:  185 

Stentor:  148-149 

Strelal:  164 

Strela2:  164 

Strela3:  164-165 

STRV  (Space  Technology  Research  Vehicle):  293 

Superbird:  160 

Suisei:  47,297 

Symphonie:  147,  149 

Taos:  148 

TDF  (Telediffusion  de  France):  6,146-149 
Techsat  (akaGurwin):  156,200 
Technologiya:  236-237 
Tekos:  236 
Tele-X:  181-182 
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Telecom  1:  6, 146-147 
Telecom  2:  6, 147 
Tellura-EKO:  224-225 

TEMISAT  (Telespazio  Micro  Satellite):  150,156,200-201 
Thaicom:  182 
Thor:  162 

TMP  (Engineering  Production  Module,  aka  SPM):  237-239 

Tenma  (aka  Astro-B):  308 

Topex/Poseidon:  148,  197,  225 

TRMM  (Tropical  Rainfall  Measuring  Mission):  204 

Tselina2:  339-340 

TselinaD:  339 

Tsikada:  186-189,350 

TSS  (Tethered  Satellite  System):  289 

Tu-2000:  64 

Tubsat:  149-150,210 

Turksat:  182 

TV-Sat:  149 

Tyulpan:  171 

Ulysses:  2,293-294 

Universal  Docking  Module:  98 

Uribyol  (akaKitsat):  180-181,183,225-226 

UoSAT  (University  of  Surrey  Satellite):  183,338 

Vektor:  349 

VEP  (Vehicie  Evaluation  Payload):  47 

VITA:  189 

Voskhod:  234 

Vostok:  234,  285-286,  335 

XMM  (X-ray  Multi-Mirror  Satellite):  293,  305-306 

Yamal:  164,178 

Yantar:  336 

Yohkoh  (aka  Solar-A):  297 
Yug:  349 
Yuri  (akaBS):  159 
Zerkalo:  164, 177-178 
Zenit  2:  234,  335 
Zenon:  338 

Zhongxing5  (aka  Chinasat  5):  163 
ZiYuan  (akaCBERS):  206-208 
Zohreh:  155 
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